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“ITLOOKS NICE BUT WHAT 
THE HELL САМІ DOWITHIT?” 


Every ZX SPECTRUM Print'n'Piotter Jotter has 100 pages of finely 
printed screen grids, 


50 for the high resolution screen. 50 for the normal character 


with these at your disposal you can plan practically any graphics print- 
out to program Into your computer. 


The high-resolution PLOT grid shows every one of the 45,060 pixels! 
Every one printed. every one with Its co-ordinate numbers. This gives 
You enormous graphics power (о DRAW, PLOT, CIRCLE PLOT OVER and so 
on in any position or sereen buliding up graphilc drawings, charts, maps 
їп fact anything without the complications of guesswork, Ints 

aii range or wrongiy positioned pei colours whch charge Р теа 
INK спа 

The normal character PRINT grids on the other hand wili allow you to 
be specific aout PRINT AT, TAB, PRINT OVER, SCREENS and МК, PAPER In 
direct co-ordination with PLOT . See every page із printed on high 
quality tracing paper Ideal to Overlay on to Mlustrations and сору 


Апа theres another bonus, because each page contains 24 User- 
definable grids — 2400 per раа! 

With 50 pages of PLOT grids, 50 pages at PRINT grids 2400 user- 
definable grids, a set of colour pens, a printed PIXEL RULER and our 
Special r of бетю programs, 11'S THE BEST VALUE IN ZX GRAPHICS 


1 DON'T BELIEVE IT! 


Five rolis of our PRINTER PAPER will only cost you £10.95. And you wilt 
gain a great deal more! it prints beautifully. it's not too thick. It's not too 
shiny, Print is black — not grey it actually feeds through the machine! 

г yourself. Only £10.95 for 5 rolls. Beware of expensive imitations! 





“NOW WHICH KEY DOI PRESS 
TO SHOOT DOWN 
THE THING FROM MARS ? 


Ever forgotten which key to press when playing a game? 
‘Do yousuffer from ami programmed keys? 
Do you write programs лас use diferent keys to perform various 
functions? if so, we have Just the thing for your ZX SPECTRUM. 
Apack of Print'n’Plotter Keyboard Overiays. 
dust write the function or functions under each key you program and 
keen the overlay for tne next time you piay tne game: 
Of course there's lots of more uses you will find for our OVERLAYS, user 
defined characters, keyboard scanners, mathematical programs, 
Dusiness uses — to name just a few. 

ram wth impunity! 


There's TEN OVERLAYS to a pack — 
fitperfectly onto your standard 2x 9 
том ivis printed ‘ive Cursor movement Key тесно апа 
there's room for program name etc. 


THAN SQUIGGLES AND BLOBS?” 


Disappointed with 2x81 Graphics? Perhaps you haven't explored the 
vast possibilities. 

why not invest in a 2381 JOTTER, FILM and our guide "2X81 Graphics 
programming made easy"? 

[The JOTTER is a 100 page pad of PRINT grids and PLOT grids with ай 
numbered co-ordinates. The ҒАМ is a re-usable matt transparent 
pester version of the grids which canbe бант Оп ang used again. 
ideal for overlaying and copying, 

‘The 24 page full colour guide will show you how to use the JOTTER and 
FILM to produce perfect low resolution graphics on your 2х8! 


So stop squiggting. Get a set now! 





“WHERE САМІ СЕТТНЕМ?" | 


Post now or call at one of our retailers! 
Post to Print п Plotter Products, 19 Borough 
High St., London 5Е1 95Е 

Name: 


Address 


Please note: Price quoted in 


JK deliveries 


5 Overseas order please add 255: for additional 


Surface Mall 









ait Pr wo 


You can see and buy most of our products at 
W.H Smith computer stores! 

Butter Місто (streatham) 

Microware Leicester! 

Dennys Bookshops (London есті. 

Personai computer Services (Darwen. Lancs) 
Telford electronics & Computing (Shifnal) 
Georges Bookshop (Bristol 
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LETTERS 
More views on the scene from our readers. 
NEWS 

Stephen Adams comments on some of the 
latest hardware i 





ms to be produced for 
the Spectrum and ZX-81. 

18 BOOKS 
Robin Bradbeer reviews some of the books 
which can help in understanding Sinclair 
machines. 

16 ADVICE CORNER 
David Buckley answers some of the prob- 
lems which have arisen following our earli- 
er issues. 

20 COMPUTER-AIDED DESIGN 
Owen Bird describes how the ZX-81 can 
assist in design work. 

22 CENTRAL HEATING CONTROL 
The first part in our two-issue project on 
how to make your central heating system 
more efficient. 

28 SPECTRUM RS232 INTERFACE 
A simple interface for the Spectrum to 
allow better printers to be used. 

34 AID FOR DISABLED 
Low-cost computers have provided new 
possibilities to allow handicapped people 
to communicate. 

36 DECODER 
John Mellor described how the memory 
works as the basis for building a series of 
projects which will be included in future 
issues. 

43 UPDATE 


іпсгеаѕіпрі 


some оѓ t 
first two i: 


printer int 
card and 


purchased 


how you с: 
It is ап int 


We һау 


printer. 
As addi 


Our regular feature illustrating the connec- 

tions from both the ZX-81 and Spectrum. 
45 ARTICLE OUTLINE 

We give some guidelines on how to present 

articles if readers wish to contribute any of 


their successful ideas. standard 





The five main ргой 


FROM THE EDITOR 


ELCOME to the third edition of Sinclair Pro- 
Jects. We are now having an increasing number 


of projects submitted each month, which means 


we can select a wider range of articles. It is becoming 


ly clear that the vast majority of readers have 


little or no background in electronics, and we have decided 
that a section of this issue shall be devoted to answering 


һе problems which readers encountered in the 
58065. 

in this issue include ап RS232 
erface for the Spectrum, constructed on a Euro- 
Veroboard instead of the usual proper strip 





board. We have also included our first printed circuit 
board design. It was submitted by Ferranti and demon- 
strates the use of one of its new integrated circuits, 

The PCB layout is given in the text but being a double- 
sided board, we have made arrangements for them to be 


by prospective users. The design із the first of a 


series showing how you can use a ZX-81 to control things, 
for example central heating. We will be following-up these 
ideas in future issues. 

A number of our readers work in education and industry 
and we have published an interesting project looking at 





ап use a computer to simulate electronic circuits, 
troduction to computer-aided design techniques 





which are used constantly in industry. We hope it will 
stimulate further interest in this area, 


е also entered the field of aids for the disabled. 


Our simple project using easily-available components al- 
lows severely handicapped people to communicate using 
the relatively cheap facilities of the ZX-81 and the ZX 


tional help for the many people who like to keep 


up-to-date with what is happening on the hardware side of 
the Sinclair market, we include a number of pages of news, 


We clarify some points on two of the | 85 well as book reviews to assist in the understanding of 
diagrams іп our last issue. what happens in the small black boxes from Sinclair 
- ЧР d Research. 

И EDGE CONNECTION Finally, as the start of an extended tutorial on how the 


ZX-81 works, we have the first of a series of articles, 
dealing with how you address the various bits of memory 
in the computer. 

At the rear of the magazine is a series of guidelines to be 
used when submitting articles. No doubt the use of British 


logic symbols will cause discussion and any 


comments would be welcome. 





Chairman Richard Hease 
‘Telephone, all departments: 01-359 7481. If you would like to contribute to any of the 
1,000 words for each article used. 


Magazine Distribution Ltd, 1 Benwell Road, Holloway, London М7. 01-607 6411. 
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16K or 48K RAM... 
full-size moving- 
key keyboard... 
colour and sound. 
high-resolution 


graphics... 
From only 


£125! 


First, there was the world-beating 
Sinclair ZX80. The first personal computer 
for under £100, 

‘Then, the 2X81. With up to 16K RAM 
available, and the ZX Printer. Giving more 
power and more flexibility. Together, 
they've sold over 500,000 so far, to make 
Sinclair world leaders in personal 
computing. And the 2Х81 remains the 
ideal low-cost introduction to computing 

Now there's the ZX Spectrum! With 
up to 48K of RAM. А full-size moving-key 
keyboard. Vivid colour and sound. High 
resolution graphics. And a low price that's 
unrivalled. 


Professional power- 
personal computer price! 


The ZX Spectrum incorporates all 
the proven features of the ZX81. But its 
new 16K BASIC ROM dramatically 
increases your computing power. 

You have access toa range of 8 
colours for foreground, background and 
border, together with a sound generator 
and high-resolution graphics 

You have the facility to support 
separate data files, 

You have a choice of storage capa- 
cities (governed by the amount of RAM). 
16K of RAM (which you can uprate later 
to 48K of RAM) or a massive 48K of RAM 

Yet the price of the Spectrum 16K 
isan amazing £125! Even the popular 
48K version costs only £175! 

You may decide to begin with the 
16K version. во, you can still return it later 
foran upgrade. The cost? Around £60. 


for CAPS LOCK 





Ready to use today, 
easy to expand tomorrow 


Your ZX Spectrum comes with a mains 
adaptor and ай the necessary leads to 
connect to most cassette recorders 
and TVs (colour or black and white), 

Employing Sinclair BASIC (now used 
in over 500,000 computers worldwide) 
the ZX Spectrum comes complete with 
two manuals which together representa 
detailed course in BASIC programming, 
Whether you're a beginner or a competent 
programmer, you'll find them both of im- 
mense help. Depending on your computer 
experience, you'll quickly be moving 
into the colourful world of ZX Spectrum 
professional-level computing. 

There's по need to stop there. The 
ZX Printer~available пом - is fully 
compatible with the ZX Spectrum. And 
later this year there will be Microdrives for 
massive amounts of extra on-line storage, 
plus an RS232/network interface board. 
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Кеу features ofthe 
Sinclair ZX Spectrum 


Ф Full colour-8 colours each for 
foreground, background and border, 
plus flashing and brightness-intensity 
control. 


® Sound-BEEP command with variable 
pitch and duration 


© Massive ВАМ-16К or 48K. 


@ Full-size moving-key keyboard- all 
keys а! normal typewriter pitch, with 
repeat facility on each key. 


ө High-resolution~256 dots 
horizontally x 192 vertically, each 
individually addressable for true high- | 
resolution graphics. 


© ASCII character set-with upper-and 
lower-case characters. 


ө Teletext-compatible-user software 
can generate 40 characters per line 
or other settings. 


© High speed LOAD & SAVE -16K in 100 
seconds via cassette, with VERIFY & 
MERGE for programs and separate 
data files. 


ө Sinclair 16K extended BASIC- 
incorporating unique ‘one-touch’ 
keyword entry, syntax check, and 
report codes. 
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ZX Spectrum software on 
cassettes -амаїіабіе now 


The first 21 software cassettes are 
now available directly from Sinclair. 
Produced by ICL and Psion, subjects 
include games, education, and business/ 
household management. Galactic 
Invasion... Flight Simulation. .. Chess 
History... Inventions... VU-CALC....VU-3D 
47 programs in all. There's something 
for everyone, and they all make full use 
of the Spectrum's colour, sound and 
graphics capabilities. You'll receive а 
detailed catalogue with your Spectrum. 


RS232/network 
interface board 


This interface, available later this 
year, will enable you to connect your 
ZX Spectrum to a whole host of printers, 
terminals and other computers. 

The potential is enormous. And the 
astonishingly low price of only £20is 
possible only because the operating 
systems are already designed into the 
ROM. 


Sinclair 


Sinclair Research Ltd, Stanhope Road, 
Camberley, Surrey GU15 3Р5. 
Tel: Camberley (0276) 685311. 
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The ZX Printer- 
available now 


Designed exclusively for use with the 
Sinclair ZX range of computers, the 
printer offers ZX Spectrum owners the full 
ASCII character set—including lower-case 
characters and high-resolution graphics. 

A special feature is COPY which 
prints out exactly what is on the whole TV 
screen without the need forfurther 
instructions. Printing speed is 50 charac- 
ters persecond, with 32 characters 
per line and 9 lines per vertical inch 

The ZX Printer connects to the rear of 
your ZX Spectrum. А roll of paper (65ft 
jong and 4in wide) is supplied, along with 
full instructions. Farther supplies of paper 
are available in packs of five rolls. 


The ZX Microdrive- 
coming soon 


Тһе new Microdrives, designed 
especially for the ZX Spectrum, are set to 
change the face of personal computing. 

Each Microdrive is capable of holding 
up to 100K bytes using a single inter- 
changeable microfloppy. 

The transfer rate is 16K bytes per 
second, with average access time of 3.5 
seconds, And you'll be able to connect up 
1082Х Microdrives to your ZX Spectrum, 

Ali the BASIC commands required for 
the Microdrives аге included on the 
Spectrum. 

A remarkable breakthrough at a 
remarkable price. The Microdrives are 
available later this year, for around £50. 




















How to order your ZX Spectrum 


BY РНОМЕ-Ассевв, Barclaycard or 
Trustcard holders can call 01-200 0200 for 
personal attention 24 hours a day, every 
day. ВУ FREEPOST-use the no-stamp 
needed coupon below. You can pay by 
cheque, postal order, Access, 


Barclaycard or Trustcard. 

EITHER WAY-please allow up to 28 
days for delivery. And there's a 14-day 
money-back option, of course. We want 
youtobe satisfied beyond doubt~and we 
have no doubt that you will be. 








To: Sinclair Research, FREEPOST, Camberley, Surrey, GUIS ЭВА. Order 
Qty Нет Code МетРїсе Total 
E £ 
Sinclair ZX Spectrum-16KRAMversion 100 12500 
Sinclair ZX Spectrum-48K НАМ version 101 17500 
Sinclair ZX Printer ца 27 5995 
Printer paper (pack of 5 rolls) 16 1195 
Postage and packing: огдөгв ипдег 2100 | 28 295 
orders over £100 29 4.95 
Total £ 


Please tick if you require a VAT receipt! 
“lenclose a cheque/postal order payable to Sinclair Research Ltd for £. 
"Please charge to my Access/Barclaycard/Trustcard account по. 


“Please delete/complete 1 І LI 


as applicable 


Signature 
PLEASE PRINT 

Name:Mr/Mrs/Miss | | | 
(Address _ 











FREEPOST-nostampneeded. Prices apply to UK only. 


Export prices on application. 
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TWO GREAT 
WAYS TO GET MORE 
FUN FROM YOUR SINCLAIR 


If you are already a reader of Sinclair Programs you will appreciate that this 
magazine offers you fantastic new ways of enjoying your Sinclair ZX-81 or 
Spectrum. Every issue contains 40 brand new ready-to-key programs. And every 
one has been tested by our staff of experts — so you can be sure they will work. 


Now you can get double the fun. Because from May onwards Sinclair Programs 
will be published monthly. Demand for our bi-monthly editions has been so 
strong that we have responded to our readers’ demands by doubling the 
frequency. Still the same number of quality programs. Still only 95p per copy. 


Where else can you find such value? 
From us! 


Because we're also publishing The Best 
of Sinclair Programs 


To be available in time for Easter, this 
will contain the 100 most popular 
programs we have published in Sinclair 
Programs in the last year. 
And all for just £1.95. 


Make sure you get the monthly Sinclair Programs 
and The Best of Sinclair Programs by placing your 
order now. Both will be available from all leading 
newsagents or by post from ECC Publications Ltd., 
30-31 Islington Green, London М1 ВВ]. Prices: 
Sinclair Programs 95p per copy (plus 35p Р & Р); 
subscriptions — £13.20 for 12 issues including P & P. 
The Best of Sinclair Programs £1.95 per copy (plus 
50р Р & P). Cheques/POs with orders please, payable 
to ECC Publications Ltd. 


NB. These rates apply to U.K. readers only. Overseas rates 
available on request. 
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DONTMISSTHIS 
INCREDIBLE OFFER! 


THE NEW SPECTRUM 


‘ADD ЕИ 
NOW WITH ADDITIONAL 
SWITCH-TYPE 


JOYSTICK PORT (3 ТАҒЫ у 


YES, 50 GAMES! іс сал 

FOR YOUR MICRO З є 
еөігіс-ігзіг- 
SPECTRUM 
ZX81 LYNX 
DRAGON 
ATARI V2) 


ACORN ATOM 
CASCADE BOG. 


SOFTWARE 
ллу vane” SHARP 
оттоо ORICA 

NEW BRAIN 


COMPLETE your SPECTRUM with our Multi-purpose 
Sound Generator and Joystick-port Board)! With one 
low-cost purchase you can obtain the followin 
‘outstanding improvements to your ZX SPECTRUM: 


® THREE CHANNEL sound effects. PROGRAM three 
independent sounds with music, gun shots, 
explosions etc. 
AMPLIFICATION of the standard sound output. 
TWO ports for Potentiometer Joysticks; 

® ONE port for Switch-type Joystick. 


The ‘ADD-ON’ uses the amazing AY-3-8910 SOUND 
Chip, which gives you an enormous range of sound 
effects. Тһе output and volume of each спаппе 

be separately controlled, with gun shots, explosion: 
drums etc., produced under the ‘sound envelope’ 
MOST IMPORTANT TO NOTE — the CHIP 
processor independent.’ This means that sounds can 
Continue to be produced without any noticeable 
effect on the speed of your program!!! 

The ‘ADD-ON’ contains its own speaker and amplifier 
chip and is supplied with a 

demonstration routines and some sample sounds. 
The ‘ADD-ON’ simply plugs straight onto the back of 
your SPECTRUM. No soldering is required, 


COMPLETE YOUR SPECTRUM NOW!! 


SUPPLY CASSETTE 50 FOR СОМРиТЕЯ. 
1 enclose сведие/РО, 


Name 
Address 








ROGRAMBOUGRY 


JOYSTICKS (POTENTIOMETER-TYPE) 
KIT incl. case) each £5.35 + МАТ BUILT each £6.75 + VAT 
COWBOY SHOOT-OUT 
achine Code) £3.95 + VAT 
Full feature, TWO PLAYER, cowboy shooting 
plants and moving 
Shoot 


LITESOLD ARE OFFERING A 
COMPLETE SOLDERING КІТ 


skill from 10 levels. Excellent 
Colour graphics and sound 
САВМАМ (Machine Code) £3.95 + VAT 
You are the owner of a fleet of yellow t 
A rival firm competes with you, trying to steal 

d run you off the road, if they сап, 

determi 

they drive andthe am т per con 

ө your or 


MACHINE CODE PROGRAMMERS — 
ACS SOFTWARE 
ASSEMBLER NOW ONLY £5.95 - VAT 
DISASSEMBLER ...... NOW ONLY £4.95 + VAT 
BOOKS 
LARGE RANGE FOR SPECTRUM AND 2Х81 


Contains 

all you need 

to solder /de-solder 
any electronics project 
LITESOLD LC18S 240 high performance ОТ, made to professional 
standards in our own works, fitted with 3.2mm bit, 2 alternative bits, 1.6 
and 2.4mm. Reel of 3 metres 18 swg flux-cored solder. Stainless steel 
tweezer. 3 soldering aids. Reel of 1.5 metres de-soldering braid. Packed 
іп clear РУС presentation/storage wallet. Superb present — ideal for 
beginner or expert 

5К185 KIT SPECIAL PRICE 614,55 inc. МАТ 8 Р.Р. (normal resale 
value £18.45 inc.) LC18S IRON only £6. 00 (normaly £739) 








market) PROGRAM POWER 
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Spares, accessories and ls service available from из. 86 ог 636343 шаа 

16-раде colour catalogue — 60p. Send Л) ЗОО 

rng Г ко аобібіятовово 
шөе Ро DHD) 

sales. ІҢ ІНЕ DEVELOPMENTS LTD. 7 





Spencer Place, 97/99 Gloucester Road, Croydon CRO 20N, Surrey, Tel: 01-689 0574 
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Commercial КТТҮ 
permission needed 


After our first two issues your letters are arriving regularly, giving your 
comments on the magazine and the world of Sinclair. We answer 
some queries while others are dealt with in depth in Advice Corner. 


CONCERNING the article 
in Sinclair Projects—Febru- 
ary/March—on RTTY 
which was of particular in- 
terest to me as a licensed 
amateur. 1 would like to 
point out that if any of your 
readers are interested in 
copying commercial RTTY, 
they might like to know 
that, in the last few years, 
there has been a number of 
successful prosecutions. 

Neither the broadcast re- 
ceiving licence nor the U.K. 
amateur licence permits the 
reception of these transt 
sions, but the Home Office 
Radio Regulatory Depart- 
ment has indicated that per- 
mission might be granted if 
it is first obtained from the 
various press agencies. To 
be safe, try the following 
frequencies in the amateur 
bands: 





80m 3.60Mhz + 20Khz 
40m 7.04Mhz+ SKhz 
20m 14.09Mhz + 10Khz 
15m 21.10Mhz + 20Khz 
10m 28.10Mhz + SOKhz 
4m 70.30Mhz 

2m 144.60Mhz(FSK) 
2m 145.30Mhz(AFSK) 
70cm, 432.60Mh2(FSK) 
70cm, 433.30Mhz(AFSK) 


Your article refers only to 
Audio Frequency Shift Key- 
ing; also used is Frequency 
Shift Keying, which shifts 
the transmitted carrier fre- 
quency—170Hz amateur, 
850Н2 commercial—for 
each mark to space trans- 
mission. 

Two errors also crept in. 
On page 12, the Murray 
code character in figure six 
under the numbers column 


‘none’ should be ‘+’; page 
13, the mark/space tones 
should be either 1.275KHz 
or 1.275Н2(1.445КН2- 
1.445Н2) and оп page 14 
some amateurs изе 50 baud. 
How about а similar 
article for the Spectrum? 
Many thanks for a very 
good magazine. 
John Lawrence, 
Totton, 
Southampton. 


Port query 

THANK YOU for publish- 
ing my project and, now 
that it has come through the 
wash, 1 would like to make 
some comments which you 
may wish to print. 

Towards the end of the 
text оп the first page, 
Q,-Q, is quoted twice but 
the second mention should 
be Q,-Qu. 

In figure one, pin 8 of the 
74LS93 is connected to pins 
2 and 3 of this integrated 
circuit and pin 13 of the 
741.542. Pin 1 оп the 
741.593 is connected to ріп 
12 of the 74LS42 only. C4 is 
а 0.1шЕ capacitor and R2 
should be connected to 
ground at one end. 

In figure six, where it 
says 741.593, it should have 
read ‘from ICI where ІСІ is 
the ULA inside the 2Х-817. 

Figures two апа three 
have probably succeeded in 
mystifying everybody but 
they should not have been 
there. When the original 
was built, the two spare 
gates in the package were 


used as Schmitt trigger 
oscillators with 22k potenti- 
ometers inserted between 
holes 1,5 and 1,6, 1,7 and 
1,8. The outputs were fed 
into the keyboard input— 
KB3 & KB4—via the DPDT 
switch—the rectangle with a 
circle in it above the inte- 
grated circuit in figure two. 
They were to be used as 
joysticks but the software 
needed to be sufficiently ad- 
vanced, Therefore the idea 
did not progress very far 
but the more imaginative 
experimenters may like to 

develop it further. 
Stephen Huckstepp, 
Colchester. 


Business use 


1 АМ very impressed with 
the content of your maga- 
zine and congratulate you 
on filling the need for 
Sinclair owners who like to 
delve into the electronic 
aspects of their hobby. 

1 use a 2Х-81 as а busi- 
ness machine for calculat- 
ing heat losses and unit 
costs for bills of quantities. 
A program on which I am 
working will help small 
businessmen to obtain more 
information from balance 
sheets and another will pro- 
ceed logically through the 
various options to display 
the probable reason why a 
domestic heating system has 
stopped ог is пої working 
correctly. 

The Money Maker pro- 
gram by David Nowotnik in 
the February/March issue is 


of great interest but after 
spending last night loading 
the program I have con- 
cluded that a number of 
lines are missing. Should 
there be a line 760 and 
5050? There may be more. 
John Burgess, 
Lichfield, 
Staffs. 
ө You are correct; two 
lines are missing: 
5030 PRINT AT TI,2R:D8 
5040 RETURN 
5050 as 5030 etc 
Line 760 does not exist. 


Differences 
1 UNKNOWINGLY missed 
the first issue of Sinclair 
Projects so 1 missed the 
graphic board for the 2Х- 
81 which I would like to 
have had. Now that I have 
the second issue I am very 
pleased at what it offers. It 
is different from all the 
others because it shows the 
circuits you can make. 
M Ward, 
Camberley, Surrey. 


Radio blocks 


1 READ with interest the 
article on the ZX-81 radio 
teleprinter in the February/ 
March issue. The author 
mentions that a terminal 
unit must be used and men- 
tions two circuits in various 
magazines. 1 do not under- 
stand the significance of the 
blocks marked in dashed 
lines with pin numbers 
beside them. 

Apart from this I find 
your magazine very enjoy- 
able; it is certainly a 
refreshing change from 
software-based magazines. 

КІ. Brooks, 

Bishop's Stortford, 

Herts. 

ө The dotted blocks are 
for optional buffer clips to 
be used if your ZX-81 does 
not like being coupled 
directly to the 8251. If you 
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read the text you will find 
that reference is made to 
two articles in other maga- 
zines which show you how 
to build a terminal unit. 


Basic logic 

1 WRITE with regard to an 
article in the February/ 
March issue, Operating 
logically to improve Basic. 

There are machine code 
routines mentioned for typ- 
ing-in but no listings are 
given at all. As I buy maga- 
zines to use the articles con- 
tained therein, this has 
somewhat perplexed me. 

It is a pity that, in com- 
mon with many of your 
competitors, the magazine 
is not completing its articles 
to make them technically 


viable, as many of the 
articles are very useful. 
5 Е Wiltshire, 
Bournemouth, 


ө Unfortunately you are 
correct. The missing line of 
machine code is: 
0, 0, 38, 64, 46, 130, 136, 
35, 166, 119, 201. 


Graphics 

IN THE December/Janu- 
ary issue of Sinclair Pro- 
jects you һауе the 
instructions on how to 
make a graphics generator. 
My 13-year-old son saved 
his pocket money, bought 
the parts needed, and start- 
ed to make one. 

He got on well, until he 
сате to connect the + 5У 
and the OV to pins 1B and 
4B of the edge connector. 
There is a +5V shown іп 
the diagram on page 30 but 
no OV and no written word 
to tell him where it is sup- 
posed to be on the graphics 
board, and where it has to 
be connected to the com- 
puter. 

As there are four techni- 
cal assessors to help, ac- 
cording to your magazine, 


my son telephoned before 
Christmas to solve his prob- 
lem. He was told by the 
respondent that he was not 
qualified to help him. The 
man then put down the tele- 
phone, leaving my son's 
problem unanswered and 
with no advice as to how to 
obtain an answer. 

When I telephoned I was 
connected to a woman, who 
said after a few minutes 
that she could not help, but 
took my telephone number 
and said she would contact 
someone who could help to 
return my сай. 

Ido not know where your 
technical assessors were or 
why my son was not given 
help, but surely someone on 
your staff knows something 
about computers and could 
have offered help. 

Mrs H E Ross, 

Gillingham, Kent. 

@ Issue two contains а 

component layout for the 

circuit of the character gen- 

erator. Unfortunately й, 
100, contains errors. 

The OV and SV to which 
уои refer are the power sup- 
plies to the integrated cir- 
cuits. The OV is connected 
10 pin 7 of each IC and the 
SV is connected to pin 14 of 
each ІС. We have sent you а 
correct drawing and hope 
this enables your son to 
complete the project. 


Interface 


I REFER to the February/ 
March edition and the arti- 
cle on the RS232 interface. 
A friend who is to make the 
interface requires the fol- 
lowing information before 
continuing: 

The 12F capacitor shown 
in figure two (top of PCB) 
is not shown on figure three 
(circuit diagram). Where on 
the diagram should it be? 

1 do not know where to 
obtain В2Х51 diodes; is the 


number correct? If the 
number is correct could you 
advise an equivalent? 
КІ. Hartley, 
Enfield, Middlesex, 
Ф The answer to problem 
one is that the capacitor is 
across the power supply 
rails and therefore not on 
the circuit diagram. Prob- 
lem two is answered in the 
letter from David Dunn. 


Good joystick 

1 WOULD like to congratu- 
late you on Sinclair Pro- 
jects. At last somebody 
with limited electronics 
knowledge can build useful 
hardware for a computer. 

I built the joystick con- 
troller which works very 
well. Would it be possible 
for you to publish a project 
to add a fire button to the 
controller? 

K J Gouldstone, 
Wallington, 
Surrey. 


Better artwork 


1 FEEL 1 must write to con- 
gratulate you on publishing 
Sinclair Projects. You have 
certainly filled a vacuum 
for people like myself who 
wish to uprate the capabili- 
ties of the ZX-81 with pro- 
jects at a reasonable cost. 

After initial teething 
problems, I am certain the 
magazine will establish it- 
self among the more serious 
users and the technically- 
inclined. 

Т could easily afford to 
buy the latest developed 
home system but I find it 
far more educational and 
satisfying to improve the 
ZX-81 and I am sure there 
must be thousands like me 
who wish to approach com- 
puting in this way. Here’s 
wishing you every success. 

There is only one thing 
which I believe detracts 
from Sinclair Projects and 


that is the circuit schemat- 
ics. 

I am, by profession, a 
printed circuit design епрі- 
neer for a large telecomms 
company and 1 am afraid 
that the schematics in the 
first two issues never gave 
me sufficient confidence to 
want to try building any of 
the projects. I shall build 
the МО port once I have 
laundered the schematics, 

Without being disrespect- 
ful to your draughtsmen, 1 
feel they have very little, if 
any, electronics experience 
and that the magazine 
would benefit greatly if the 
artwork was of a higher 
standard, 

Meanwhile, thank you 
for an interesting magazine 
and I hope you have the 
success you deserve. 

J У Salmon, 

London №18. 
1 WAS prepared to tolerate 
the errors in issue one but 
what bothered me more, if 
anything, was the presen 
tion of the circuits, 

The Rotring drawing in- 
strument—microprocessor- 
controlled draughtsman’s 
aid—can be rented, I think, 
from an office equipment 
firm, М Winibury, 

Coventry. 


RS 232 diode 


IN THE February/March 
edition, page 37 gives a 
PCB which contains refer- 
ence to а diode ВУХ 51. We 
have searched electronics 
catalogues and made en- 
quiries from various 
sources of supply and can 
find no trace of such a 
diode. Is there in existence 
a BZX 61? David Dunn, 

Watford, Herts. 
© We are afraid we made 
an error and, according to 
the author, the diode which 
should be used is the Zener 
BZX 61 7.5V. 
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Battery ВАМ 
from Hunter 


HUNTER PRODUCTS, an 
American firm, has pro- 
duced а battery-backed 
RAM board which can be 
moved about in the memory 
of a ZX-81 to any 8K sec- 
tion. The board is available 
ава kit and is very easy to 
build from the detailed 
instructions. 

The lithium battery іп- 
cluded means that the 6116 
RAM chips keep the pro- 
gram even when you switch 
off the machine, just like 
a ROM. That means that 
machine code routines and 
even Basic can be stored in 
the on-board RAM, to be 
recalled at any time without 
having to load them from 
tape. 

А simple 2K RAM is pro- 








vided. ROMs and RAM can 
be mixed on the board but 
that involves some cutting 
of tracks. One problem із 
that the board cannot de- 
code the last address line 
AIS, so that another chip— 
not provided—has to be 
soldered on to the original 
if you use more than 16K of 
memory from Basic. 

One advantage is that 
you can replace the 8K 
ROM with a battery-backed 
copy and then add your 
own commands or correct 
the mistakes in the ROM. 

The kit costs £19.95 inc. 
VAT from Hunter Elec- 
tronics, PO Box 5, Axmin- 
ster, Devon ЕХІЗ SAS, 
That is a postal address as 
the company is in the U.S. 








Contoured RAM pack 


CHEETAH MARKETING 
has produced a 16K RAM 
pack for the ZX-81 which 
stops any RAM pack wobble 
without using glue, tape or 
screws. The front has been 
contoured to fit the curved 
back of the ZX-81 and fits 
it like a glove. 

Vigorous tests were car- 
ried out, such as thumping 
the keyboard heavily, but it 


refused to crash. The cost is 
£19.75 inc VAT and post- 
age. 

Cheetah also makes a 
64K RAM pack for £44,75, 
Printer owners may Бе 
pleased to know that it also 
works well with the Sinclair 
printer. 

Cheetah Marketing is at 
359 Strand, London WC2. 
Tel: 01-240 7939. 








Sound box for Spectrum 


BI-PAK has now made the 
ZON X-81 sound box avail- 
able for the Spectrum as 
well as the ZX-81. It 
contains ап 8912 three- 
channel sound chip with a 
powerful amplifier, loud- 


speaker and volume control 
in а біп. x 3in. x 2in. black 
box. Everything is powered 
the computer 


from and 


some complicated sounds 
can be generated which will 
repeat without the aid of 
the computer. 

As the device is 1/0- 
mapped it requires machine 
code on the ZX-81 but an 
ingenious method of mak- 
ing it compatible with other 
REM-located machine code 
makes it easy. The Spec- 





trum must use an additional 
board which contains a 
3.5МН» oscillator to stabi- 
lise the frequency used. 
That is about іп. long and 
fits between the Spectrum 
and the ZON 81. 

One problem with, the 
decoding makes it incompa- 
table with the Microdrive 
and RS232 intended for the 
Spectrum as it uses А4, 
which Sinclair has already 
declared will be used by its 
devices. Apart from that it 
works well on both ma- 
chines, providing a cheap 
and easy alternative to the 
BEEP command. 

Bi-Pak sells the ZON X 
for £25.95 and the Spec- 
trum board for £6.80. Bi- 
Pak is at PO Box 6, 63a 
High Street, Ware, Herts. 
Tel: 0920 3182. 





Reading is 
made easier 


BRANDON PRODUCTS 
stocks the easy reader com- 
puter stand for holding 
magazines and books. The 
metal stand is very stable 
and tilts back a magazine at 
an angle for easy viewing. 
The magazine is held by a 
large clip and there are ex- 
tension arms on both top 
and right-hand side for 
large pages. It is very useful 
for copying-in programs; 
also it folds flat for storage. 

Contact Brandon Pro- 
ducts, Forest Home, Nor- 
mansand, Salisbury, Wilts 
SPS 2ВМ. Tel:079439-336. 
Cost is £14.95 inc. VAT and 
postage. Brandon also has a 
range of T shirts and sweat 
shirts with ZX-81 and Spec- 
trum logos for £3.25 and 
56.99 respectively. 
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Joystick fits 
both Sinclairs 





MIDWICH has produced 
an analogue joystick board 
which fits both the ZX-81 
and the Spectrum. It can 
take two joysticks by plug- 
ging them into two six-way 


DIN sockets on the side 
of the bare board. It is 
input/output-mapped апа 
requires the use of a small 
section of machine code on 
the ZX-81. 


The board uses a ZN499E 
A/D converter and a switch 
to select which direction to 
measure. The results vary 
from 0 to 255 for each 
direction on the joystick— 
N/S and E/W—and the 
“FIRE” button operates 
one bit each of a second 
port, one giving 0 or 128 
and the other 0 or 64; the 
higher number indicates 
that the button is pressed. 
Both pressed gives 128 = 64 
(191). 

Inserting the power plug 
is difficult, as not sufficient 
space has been left between 
that and the joystick sockets 
оп the Spectrum version. 

Midwich sells the board 
as а kit for £17.20 and the 
assembled version | Гог 
£22.95. The joysticks cost 
£4.50 ипсазе with fire 
button. The kits are well- 
designed with good instruc- 
tions. Midwich Computer 
Co Ltd, Rickinghall House, 
Richinghall, Suffolk 1P22 
ІНН. Tel: 0379-898571. 





32-way 
port built 
by Eprom 


EPROM SERVICES pro- 
duces a 32-way port for the 
ZX-81 or Spectrum which 
has LEDs to indicate the 
state of its outputs, The 
device is based on an 8255 
chip which is 1/О-таррей 
to give 24 lines. One of the 
outputs is then fed to a set 
of eight flip-flops which 
produce the other eight 
lines. 

A flip-flop gives two out- 
puts which are always the 
opposite of each other, so if 
one is 0 the other is 1. That 
allows you to drive more 
devices but does not give 
more than 24 controllable 





two-state lines. 
One of the facilities pro- 
vided is for using the port to 


select other devices. The 
EPROM boards by the 
same firm can be selected in 
turn by this method, called 
bank switching. All that is 
required is to OUTPUT the 
correct number for the 
bank you require. An extra 
port testing board can also 


be added to check the other 
inputs or outputs for £6. 
The PCB has no edge 
connector, so it has to be 
used with a motherboard or 
back-to-back connector. 
Eprom Services is at 3 
Wedgewood Drive, Round- 
hay, Leeds 158 1EF. It 
charges £15 for the port and 
£24 for a motherboard for 





the Spectrum. 


DCP puts 
packs into 
one box 


DCP INTERSPEC pack is 
a combination of several 
other packs produced by 
the same firm into one box 
which fits the ZX-81 or the 
Spectrum. 

It contains an 8-bit input 
and output port, four relay- 
isolated outputs rated at 
24У-1 amp, four switch in- 
puts—for joysticks, ther- 
mostats—and an analogue- 
to-digital converter with 
eight channels. That is an 
appreciable amount іп а 
box only . long by Зіп. 
wide and 2in. tall. 








The Interspec has an ex- 
pansion bus at the back 
which provides the data, 
read and write control sig- 
nals, plus two device-select 
pins to add to your own 
interfaces. 

АП are fully-decoded, to 
the limits allowed on eight 
address lines, and work 
very well, The output con- 
nectors are well-documen- 
ted and are standard school 
2mm. sockets and 0.1mm, 
Molex connectors. 





The instructions also give 
examples of what devices 
can be used with the Inter- 
spec. The cost of the unit is 
£39.95 inc. VAT and post- 
age. 

One thing about it is that 
it will not allow the use оГ 
any expansion on the 2Х- 
81, including the Sinclair 
RAM pack, without it 
having either a PCB on 
the back of the RAM pack 
or a mother board, DCP 
Micro Developments Ltd, 2 
Station Close, Lingwood, 
Norwich NR13 4RX. Tel: 
0603-712482. 
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Memotech range grows 


MEMOTECH has been 
producing RAM packs for 
some time but also pro- 
duces a keyboard for the 
ZX-81 and a hi-res pack. 
The keyboard does not ге- 
quire the user to dive into 
the machine to fit. Its inter- 
face module goes into the 
back of the ZX-81 like ай 
the other modules and the 
keyboard is оп а Тіп. cable 
emerging from the end of 
the metal box. It provides 
only 40 keys—no space 
bar— and the keys tend to 
echo inside the box but it 
works well. It would be very 


useful to the non-technical 
user and does not invalidate 
the guarantee. 

The hi-res pack—HRG— 
requires the use of at least a 
16K RAM pack in which to 
store its hi-res pages. 
Depending on the size of 
memory, more than one 
6,337-byte page can be 
stored. The pages must be 
stored outside the normal 
memory above RAMTOP. 

The routines to control 
the screen are in a 2K 
EPROM from 8K-10K and 
use certain reserved Basic 
variables to transfer infor- 








Mindware to make 
second Rosetta award 


THE SECOND annual 
Rosetta Stone Award will 
be presented sometime in 
April by Mindware Inc for 


outstanding intellectual 
achievement on a ZX 
machine. The award was 


presented last year to Dr 
Jan Logan for his work on 
the ZX-81 ROM. The 
award is worth $200 and 
one year’s free subscription 
to an American computer 
journal of the winner's 
choice. 


The winner is also 
presented with a replica of 
the Rosetta Stone which 
puzzled archeologists with 
its codes for years. 

Nominations are being 
taken at present and the 
judging will be done by a 
panel of representatives of 
American and British mag- 
azines. Nominations should 
be sent as soon as possible 
to Mindware Inc, 15 Tech 
Circle, Natick, MA 01760, 
U.S.A. 





mation to the routines, 
Twelve variables аге ге- 
quired to be set up to make 
full use of the system; one 
of the Z$ is used to contain 
one of 30 commands. 

The screen must first be 
set up by allocating variable 
V to the start of the video 
page, 75 to “STARCH” 
and calling the user routine 
via RAND USR 8912. That 
then sets up the screen, 
clears it and changes the 
screen from the Sinclair 
version. 

You can then see only the 
hi-res screen, no INPUTs or 
commands are visible, and 
PRINT, PLOT and the like 
will appear on the Sinclair 
screen. To return 10’ the 
Sinclair screen you must 
either press the black but- 
ton on the side of the hi-res 
unit or set 7$ to “Вавіс” 
and call the user routine 
again. 

All commands are given 
in that way through the 
same USR call. X and Y 
variables determine the plot 
position, X being in the 
range 0-247 and Y is 0-191. 
Lines can be drawn from 
point P/Q to X/Y using 
“LINE”; “UNLINE” un- 
plots them. Drawing in 





black or white a vertical line 
from X/Y until a bit of the 
same colour is reached can 
be done by “BLINE” or 
“WLINE”. No shading is 
provided. Characters can be 
defined in C$ and printed at 
X/Y; normal Sinclair char- 
acter strings can also be 
printed by using “SINCH” 
as a command, 

Four of the commands 
test the bits at X/Y and 
return a result by using LET 
A}USR 8192 instead of 
RAND USR 8192. Also in- 
cluded in the command set 
is RU RD SD SU SL SR 
which shift a pre-defined 
section of the screen one 
pixel to left, right, up or 
down. Shift Up (SU) and all 
the shift commands leave 
behind a blank line when 
they move, whereas Roll Up 
and Down will wrap around 
the section. 

Using those commands 
can become complicated, as 
each change requires two or 
three lines of Basic and a 
USR call. 

It is a useful device but 
one which is not easy to 
learn to use. Many variables 
have to be set and re-set 
during the program for it to 
work. Error codes are given 
but things like the scroll 
commands can crash the 
system if they are not used 
properly. 

The casing is stylish and 
strong and Memotech in- 
cludes Velcro strips to stick 
the packs to the ZX-81 to 
stabilise them. All the 
Memotech packs are 
moulded to fit the backs of 
the ZX-81 and each other. 

The Memotech keyboard 
costs £49.95 and the HRG 
pack £39.90. They can be 
purchased from Memotech 
Ltd, Witney, Oxon ОХ8 
6BX. Tel: 0993 2977, or 
from larger W H Smith 
branches. 
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Extra high-resolution 
ZX-81 graphics 


A HIGH-RESOLUTION 
graphics pack designed to 
work on a ZX-81 with at 
least 8K of memory is the 
(0007 produced by the Not- 
tingdale Technology Cen- 
tre, By extending certain 
commands in Basic such as 
SLOW, FAST, CLS and 
PLOT, it gives the ZX-81 a 
256-192 dot screen—it is 
slightly bigger but to keep 
the calculations simple it is 
limited to that. 

The extra number at the 
front of the commands 
gives access to the extra 
commands, i.e., CLS 3 in- 
verts the whole screen with- 
out clearing it. The routines 
available allow the plotting 
of individual pixels on the 
screen, drawing lines, trian- 
gles and parts of circles, as 
well as shading them. 

PRINTing may be done to 
any pixel on the screen, as 
the PRINTing corresponds 
to the graphics pointer. 
That enables you to print a 
character, number or letter 
at any place on the hi-res 
screen, The SLOW com- 
mand determines whether it 


is printed in black or white 
and what the background 
will be. 

The use of the hi-res 
screen is enhanced further 
by the fact that the edit line 
is constantly on the screen, 
so INPUT and commands 
can be given without having 
to switch backwards and 
forwards between screens. 
Both the Sinclair screen and 
the hi-res version are separ- 
ate and so clearing one will 
not effect the other. 

Both screens сап Бе 
SAVEd, LOADed and 
COPYed from Basic. The 
hi-res screen is stored as the 
last program line—line 
G007—and can be deleted 
only by a USR routine. The 
Sinclair Basic will not allow 
you to SAVE it as a named 


program, however, 50 
“LOAD” must be used to 
get it back. 


The program is stored in 
a 2K (2716) EPROM inside 
the unit and uses the inter- 
nal memory of the ZX-81— 
1K or 2K—to store its sys- 
tem variables. All of those 
are described in the manual 





with the unit, so that the 
machine code programmer 
can also use them. There 
are three example pro- 
grams, only one of which 
failed to work. 

The device goes directly 
on to the back of the 
ZX-81, as it has to decode 
the internal memory into 
using the 8К-12К section of 
memory оп the ZX-81. 

That means it could be 
incompatible with some 
ZX-81 RAM packs or add- 
ons. Using it is very easy, as 
one soon becomes used to 
adding the extra numbers— 
they are all fully syntax- 
checked, too—and the dis- 
play is rock steady. 


Perhaps the next project 
for the group will be a 
colour board, as it would 
make it a very cheap BBC 
machine, but using only 6K 
of memory for the screen. 

To order the device, send 
£37.55 to Nottingdale Tech- 
nology Centre Ltd, TFL 
(ZX-81), 189 Freston Road, 
London W10 6TH. Tel: 01- 
969 8942. 





Versatile AGF joystick 


AGF HARDWARE has 
produced a joystick ішег- 
face which fits on the ех- 
pansion port of a ZX-81 or 
Spectrum and imitates the 
keyboard. Both versions 
simulate the cursor keys 
and the 0 key оп joystick 
опе and keys T-Y-U-I-P on 
joystick two. 

There is no soldering to 
do as the board is plugged 
into the expansion port and 
any other devices plug in 


after it. The joystick is very 


easy to use and it speeds 
games enormously. The 
other advantage is that 


while it is enabled—via a 
switch—the rest of the key- 
board is inoperable, thus 
preventing errors. Several 
programs already work 
with the joysticks, though 
some require the disabling 
of the joystick while speeds 
are chosen. The only disad- 
vantage is the cheap edge 


connector and the fact that 
you cannot select which 
keys аге simulated—that 
would allow an arcade 
game to be played. 
Joystick interface costs 
£15.96, Joystick £7.54 inc. 
VAT, from AGF Hard- 
ware, 26 Van Gogh Place, 
Bognor Regis, West Sussex 
PO22 9ВҮ. Interfaces are 
sent with a free cassette of 
programs and instructions 
how to alter your own. 





Analogue 
port for 
the ZX-81 


AN ANALOGUE port from 
University Computers із а 
memory-mapped device 
and is designed to be used 
by the ZX-81 Basic instruc- 
tions PEEK and POKE. 


It is decoded into 64 loca- 
tions just below the start of 
Basic КАМ--15488-15552, 


The first eight locations 
are used as an eight-channel 
analogue input port and 
digital eight-bit output 
port. That is an unusual 
combination and, together 
with the manual, it сап 
provide a complete demon- 
stration unit for schools. 


The board is despatched 
without a box but with an 
expansion connector at the 
back for plugging-in the 
16K RAM рас! 


Three LEDs are also pro- 
vided on the board to test 
the digital port, as is а light 
sensor to check the ana- 
logue input. There is also an 
amplifier so that voltages in 
the millivolt range can be 
measured, 





A full circuit diagram is 
provided and the manual 
takes you through a very 
easy course on how to use 
the port. 


The same firm can also 
supply various sensors for 
heat, light, sound and gas 
to fit on to the board. It can 
also supply various relays 
up to 25 amp 250V for con- 
trol applications, 


A very good teaching tool 
at £39.95 inc. VAT and 
postage from University 
Computers, 5 St. Barnabus 
Road, Cambridge. 
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More routines 
from Eprom 


EPROM SERVICES has 
produced a Spectrum ver- 
sion of its EPROM board 
for the 16K Spectrum. It is 
in the top 8K of memory 
from 56К to 64K which is 
normally empty. It consists 
of four sockets on a board, 
to which can be added static 
RAMs—6116 type—or 2K 
EPROM, 2716 +5V type. 

As yet there are no 
EPROMs available for the 
Spectrum but some will 
soon be available. 

EPROM 1 contains 10 
small routines for program 
editing such as block delete, 
delete up/down from a 
specified line re-numbering. 

Only the lines, no GO- 
TOs or GOSUBs, and var- 


ious checks on the memory, 
such as program length. 

The next 12 routines are 
for entering machine code 
into REM statements, in 
hex only, and extending and 
modifying both the ma- 
chine code and the REM 
statement. There is also a 
very useful hex dump facili- 
ty to view an area of mem- 
ory which gives eight 
columns of hex addresses 
and the data in them. 


Sixteen more routines 
contained in the same 
EPROM deal with the 


screen display and together 
with a 2K RAM stored at 
14K-16K on the same board 
allow you to store machine 
code or TV screens in non- 


Basic RAM to be recalled 
later. That makes a total of 
38 routines in one 2K 
EPROM. 

EPROM II concerns tape 
routines, including a RAP- 
ID load and SAVE. The 
other routines allow you to 
verify and identify a Sin- 
clair SAVEd program. 

EPROM IV contains a 
very good 2Х-81 monitor 
program. It requires also 
that the board be fitted with 
2K of RAM at 14K-16K to 
store the monitor screen 
stack and scratchpad. All 
the system variables are 
saved and the various Z- 
80A registers can be set be- 
fore entering a machine 
code routine. 

Two more useful instruc- 
tions include a duplicate of 
the Spectrum instructions 
IN and OUT for getting 
data transferred via the in- 
put/output ports. Machine 


code can be saved and load- 
ed from the monitor under 
the name “М”. The moni- 
tor will also work on the 
minimum 1K basic ZX-81 
and does not need a 16K 
RAM pack. 

Breakpoints and the 
dumping of the Z-80A reg- 
isters is done in the 2K 
RAM, so that a system 
crash does not result in the 
loss of the code—a re-set 
key must be used, not pull- 
ing-out the plug. 

The Spectrum EPROM 
board also has the facility 
to be switched out of the 
memory map by input/out- 
put port. It has a blank 2K 
EPROM fitted—EPROM 
I—and costs £19. EPROMs 
П to IV cost £10 each and 
are available only for the 
2Х-81 at present. Eprom 
Services is at 3 Wedgewood 
Drive, Roundhay, Leeds 
1.88 IEF. Tel: 0532 667183, 














tronics has a joystick of the 
switch type for the ZX-81 
or Spectrum. It is a Compe- 
tition-Pro joystick and is in- 
put/output-mapped by A6 
being low. The joystick has 
a solid metal shaft and is 
spring-loaded with a black 
balled top. The two red fire 
buttons are about one inch 
in diameter and both pro- 
duce the same result. The 
joystick can be in eight po- 
sitions as the leaf springs 
used will both operate if 
moved in a diagonal direc- 
tion. The joystick gives 8 
for down, 4 for up, 1 for 
left and 2 for right. So up/ 
right will give 6 and the 
joystick fire buttons both 
give 16. 

The interface is “‘dead- 
ended”, so it must go on 
after any other equipment, 
but it is attached to the 


joystick by Sft. of cable, so 
that should not be a prob- 
lem. Software is always 
portant to an item like this 
and Kempston already has 
four programs which can 
use the joystick, from Ab- 
bex, Quicksilva and Softek. 
Gulpman has also been 
converted for use with the 
joystick. When you buy the 
joystick you also get the 


ype joystick 













listings of three programs 
provided free—one Space 
Invaders, a hi-res drawing 
program and a program to 
mix with the Bat and Ball 
game provided on the Hori- 
zon tape. 

The joystick costs £25 
inc. VAT from Kempston 
Electronics, Bedford Road, 
Kempston, Bedford MK42 
8B2. Tel: 0234 852997. 











Modulated 
sound for 
Sinclairs 


TELESOUND 84 is the lat- 
est version of the sound mo- 
dulator for Spectrum, ZX- 
81 and the BBC computer. 
There is a reduction in size 
to} in. x }in. x in. and 
the length of the leads 
which connect it to the com- 
puter is much-improved. 
The sound quality is also 
better and because of the 
connection by clips to the 
circuit it can be removed 
easily. 

The Spectrum BEEP is 
then amplified by the TV 
set and is loud enough for 
anyone. The cost of the Te- 
lesound 84 is £9.95 from 
Compusound, 32 Langley 
Close, Redditch, Worcs 
B98 OET. Tel: 0527 21438, 
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Good tracing 


ONE OF the most out- 
standing achievements іп 
the graphics field is the RD 
tracer, a device which al- 
lows you to draw across a 
piece of paper with a cross 
hair—like a rifle sight—and 
have the computer copy the 
same thing on to the screen. 
Тһе three-part arm needs to 
be fixed to the board on 
which you are working by 
the sticky strip provided— 
ог Blutack. A template is 
provided to allow you to 
line up this and the graph- 
type map over which the 
arm works, 

The man is marked in 
pixels and PRINT posi- 
tions, so that letters and 
numbers can be added to 
the drawing. The interface 
black box, which contains 
an edge connector and 
PCB continuing strip, plugs 
into the expansion port of 
the ZX-81 or Spectrum. As 
it fits both computers it has 
only а 23-way edge connec- 





tor and must therefore be 
used in the same way as the 
printer—placed after апу 
Spectrum equipment. 

On the ZX-81 it is mem- 
огу-таррей into location 
15391; on the 48K Spectrum 
is it input/output-mapped 
(port 31), but if required on 
the 16K Spectrum if can 
also be memory-mapped via 
an adaptor. LEDs are pro- 
vided on the module to indi- 
cate when it is being used 
and also if it is being used 
‘on the input/output map. 

The tracer tape has ZX- 
81 and Spectrum programs 
on the same side. That is 
satifactory for the Spec- 
trum but ZX-81 owners. 
should locate the 2Х-81 
program before attempting 
to LOAD the program. 

The tracer has four pro- 
grams for the Spectrum and 
two for the ZX-81. For the 
Spectrum the tracer can be 
used to create lines, circles 
ог just to follow the trace of 


the arm in all the colours 
available. The drawing can 
then have areas “painted” 
in or shaded in the same or 
a different colour. 

One thing to remember is 
that each character square 
сап һауе only two colours. 
All the commands are avail- 
able by one key-press and 
the entire program is writ- 
ten in Basic so that it can be 
customised easily. 

The drawing can Бе 
scaled to give a 3D effect, 
with the program taking 
care of the perspective. 
There are amazing possibil 
ties, as with user-definable 
graphics plus text and the 
tracer producing any other 








shapes all kinds of pictures 
can be created. 

The other use of the trac- 
er is to input data in the 
form of co-ordinates for 
graphs; they can be stored 
as strings and the tracing 
program made to execute 
the co-ordinates one after 
another. 

The pictures can be saved 
оп to tape from within the 
program and can also be 
loaded back for modifica- 
tion. The cost of the tracer 
is £55.50 with 10 percent 
discount for cash. It is 
available from RD Labs, 5 
Kennedy Road, Dane End, 
Ware, Herts 5012 OLU. 
Tel: 0920 84380. 





Games 


PROGRAM POWER has 
produced what seems to be 
an all-in-one module which 
contains joystick, sound- 
board and amplifier. The 
amplifier can also be used 
to boost the weak BEEP of 
the Spectrum up to a full 
two watts via the volume 
control. The board is not 
cased and fits ZX-81 or 
Spectrum, although the 
ZX-81 user will have to 
write some machine code to 
use it, 

The placing of the board 
is the same as in the tracer, 
but the board does not have 
а continuing strip at the 
back, so place it last. 

А demonstration tape is 


expansion unit 


provided with every рш- 
chase and allows you via 
Basic to hear a selection of 
pre-set sounds and to be 
able easily to alter the 
sound registers one by one. 
The sound chip also con- 
tains an input and output 
port and they are used to 
тип the joystick. 

The joystick is not the 
switched type, however, 
and gives a position back in 
the form of two numbers Х 
and Y. The fire button re- 
sults in setting a variable to 
1 if pressed and all the joy- 
stick commands аге ас- 
cessed by a machine code 
routine for greater speed. 

At present you have to 





put together the joystick, as 
it arrives as a КИ. The in- 
structions are easy enough 
to follow but it requires sol- 
dering and the screws which 
hold the case together seem 
difficult to fit. 

The system works very 
well and as it contains its 
own loudspeaker and is 
driven from the Spectrum 
or ZX-81 power supply, it 
should do very well. 

Micro Power sells the 
sound board for £24.43 and 
the joystick for £6.53 inc. 
case or £4.55 without, all 
inc. VAT. Micro Power is 
at 8/8a Regent Street, 
Chapel Allerton, Leeds LS7 
АРЕ. Tel. 0532 683186. 





Auto repeat 
for ZX-81 


АМ AUTO KEY repeat key 
module is available for the 
ZX-81 which works in the 
same way as the Spec- 
trum—1.5 sec. delay before 
repeating, It is soldered on 
to the ZX-81 via nine wires 
and rests inside the case un- 
derneath the keyboard, 

It is not the same design 
as the Haven Hardware 
module. 

TV Services of Cam- 
bridge makes the device and 
it is sold by that company 
and Kempston Electronics 
at £6.50 including postage. 
ТУ Services is at Chesterton 
Mill, Frenches Road, Сат- 
bridge СВ4 ЗМР. Tel: 0223 
358366. 
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FEW PEOPLE һауе written 
A the character generator 

described in the first issue; 
some say it works well, others that to 
make it work they had to connect 
wires in a different manner, and still 
others who cannot make it work at 
all. 

The character generator board 
shown in the photographs was built 
by Sinclair Projects and 1 am told it 
worked perfectly, although I never 
saw it. Unfortunately the particular 
ZX-81 and board have since been lost 
and it looks as if I shall have to build 
опе to settle the arguments. 

Тһе purpose of the character gener- 
ator board is to get the ULA to enable 
selectively either the ROM or the 
CHRS RAM and hence the signal 
from the board should look as if it is 
from the ULA. The instructions given 
іп the article for connecting the 
ROMCS input and ROMCS output 
from the board do not seem to do 
that. To those who are having diffi- 
culty making the unit work, I suggest 
you try the following instructions. 

Solder a thin piece of tinned copper 
wire over any track breaks you may 
have made on the ZX-81, except that 
in the RAMCS line by position ZA of 
the edge connector. 

Make a break in the track from the 
ULA to R28 near to R28—that is the 
opposite side of R28 to the ROM— 
connect the ROM ROMCS line from 
the characters board to the end of 
R28 by the track break, connect the 
edge connector ROMCS line to the 
other side of the track. Connect all 
other lines as shown in the article. 

That should solve the problems. 1 
will build one to make sure and let 
you know the result in another issue. 








Attempting to get 
good characters 


Following a number of queries which have required more 
serious consideration we have given David Buckley more 
space in which to give advice and help you through some of 
the more difficult problems which have arisen. 


The drawing on page 49 of issue 
two is not very clear and some of the 
connections seem to terminate be- 
tween pins. If you use a pencil and 
ruler to draw vertical lines through 
the IC pins on the diagram, most 
connections lie nearest the line to 
which they should go but the follow- 
ing do not: 

The connection from the 741.508 
pin 14 should go to pin 14 on both 
74LS00s and so to + 5У. All the pins 
7 should be connected together and to 
OV. The right-hand end of the 10K 
resistor should go through an unbro- 
ken Vero track to the link to pin 14 of 
the 741.500. 

Now I will try and answer some 
specific points. Stanley McKeown of 
Belfast writes: 

“Ч constructed the character gener- 
ator board and I am delighted with 
this useful modification. 1 would like, 
however, to make the following 
points: 

“The circuit would work only after 
connecting ROMCS input to the 
right-hand side of R28 and not pin 
23в. 

“The PCB layout of issue two, 
page 49 is inconsistent with the circuit 
shown in figure one, page 29, issue 
опе and the photograph on page 32, 
issue one, although both constitute 
viable circuits. 

“Paragraph one, page 49, issue 
two, Graphics generator adaptation 
for ZX-81 with 4118 RAM сїр, 
omitted to state that СН$ КАМС5 
output should be connected to pin 20 
of the RAM IC. 

“Му ZX-81 now seems to be more 
susceptible to white-outs; that ap- 
pears to be caused by increased sus- 
ceptibility to the spikes in the power 


supply”. He suggests some ZX-81 
topics for future issues, such as extra 
power supply to drive future projects; 
high-resolution graphics package, say 
256х196 pixels, PLOT, DRAW, 
CIRCLE, based possibly оп the 
graphics generator board of issue one 
or more extensive additional hard- 
ware and software; hardware/soft- 
ware to improve the loading accuracy 
and speed; the major disadvantage of 
the ZX-81. 

If you follow the tracks on the issue 
опе 2Х-81 PCB the right-hand side 
of R28 which is connected to the 
ROM pin 20 is also connected directly 
to position 23B of the edge connec- 
tor, so connecting ROMCS to either 
place should have the same effect, 

If anyone has а high-resolution 
graphics package or any other project 
you think will be suitable, please 
write. 


Will Epson 310 
work with ZX-81? 


“Could you please tell me if the 
Epson 310 printer could be interfaced 
with the ZX-81 using your interface 
in Sinclair Projects or any other inter- 
Гасе?”, asks Neil Martin. ‘Does it 
have some hidden snag?’ 

I have no information on the print- 
er but I would expect it to be calcula- 
tor-sized, and although it probably 
could be interfaced to the 2Х-81 
using the latch card, that may be 
difficult, needing extra hardware. 

sI suggest you write to the company 
advertising it and ask for details, 

“I have a query regarding the 
EPROM blower. Once you have 
blown the chip can you leave the 
EPROM in the socket and use it as 
additional ROM or do you need an 
additional board?” asks Mark Sulli- 
van of Canterbury. 

Once the EPROM is blown, to use 
it as ROM it must be plugged into a 
memory expansion board. It cannot 
be used as ROM while in the EPROM 
blower. What would be possible, 
though, would be to use the 8255 to 
read the contents of the ROM and 
transfer them to a protected area of 
RAM. 
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Mark Webster, of Kings Heath, 
Birmingham is another reader with a 
query on the character generator. The 
information he needs is that it does 
not matter which address pin of a 
RAM is connected to which address 
line; whichever way they are connect- 
ed each address will still select a 
specific byte position within the 
ВАМ. |) 

CS and СЕ are equivalent. Regard- 
ing the connection of the ROMCS, 
see the earlier reply. 


Non-standard 
chips on board 


Tom Dawson of Enfield, Middle- 
sex was one reader with non-standard 
chips. He says: “І was pleased to see 
your magazine on my local bookstall 
and 1 was impressed by the contents. 
Subsequently I spent £5.89 on the 
necessary parts for the graphic gener- 
ator, only to find that my ZX-81 does 
not contain the 2114 RAM ICs but a 
simple 8117 (Mostek MK 4118N-4) 
RAM IC in their place. That chip is 
not in a socket but soldered directly 
to the board, making the bending-up 
of the pins impossible. If the only 
possibility is to buy two 2114 RAM 
ICs 1 will be happy to do so, es- 
pecially if I сап retain my internal 1K 
RAM as well. 

“I also wish to point out that the 
OV connection to the logic circuit is 
not shown and a circuit diagram, 
even a Veroboard layout, would be 
very helpful on this and other pro- 
jects, especially to a novice like my- 
self.” 

He goes on to suggest that in a 





future issue we might publish a circuit 
diagram for the 7Х-81—ап4 the 
other less important Sinclairs—or, at 
least, a diagram of each ĉhip showing 
the numbers or references of each 
terminal. 

“That applies equally to your very 

helpful edge connector diagram. If 
ROMCS is ріп 23B—presumably В 
stands for bottom, and A for top how 
can it be that there are only 22 pins 
each side? Is the slot pin 3? Finally, it 
is not possible for the graphics gener- 
ator to work on the character codes 
192 to 255? Those characters are ac- 
cessible from the keyboard and yet 
are not used normally once a program 
is running. If they can be used there 
will be no loss of characters.” 
ө Issue two explains how to modify 
those ZX-81s with the single 4118 1K 
RAM chip. It also indicates that un- 
less you are very good at unsoldering 
ICs you should cut them out with 
wire cutters. Neither unsoldering or 
cutting them is easy. To cut them out, 
use a very fine pair of wire cutters and 
cut each IC lead between the board 
and where they enter the body of the 
IC. The IC can then be lifted out and 
thrown away; each remaining lead 
should then be unsoldered and a 
socket soldered in place to take the 
new chip. 

Originally if you had one 4118 chip 
and you just cut the leads flush with 
the component side of the board you 
can fit two sockets for 2114s without 
having to unsolder all the remaining 
leads, and vice versa if originally you 
had two 2114 chips. 

About the edge connector number- 
ing; the slot is counted as a position 















and the edge connector diagram at 
the back of the magazine should help 
you find the correct location of the 
signals, Do not solder direct to the 
edge connector, as that will prevent 
you fitting the RAM pack; instead, 
‘solder to the tracks leading to the 
edge connector. 

Once the board is working and 
initialised as set out in the article, you 
can alter any of the normal video 
characters, which includes the graph- 
ics characters 1 10 10. The words 
called-up by character codes 192 to 
255 do not exist as such in the ROM 
and so it is not possible to alter them, 


Getting power 
on the card 


D Barnett of St Austell, Cornwall 
had problems with the latch card and 
power card projects in our first issue. 

“Ч sent for the components and sat 

down to begin the construction. After 
a long time of trying to follow the 
circuit diagram 1 gave up both pro- 
jects because of the number of mis- 
takes. 
Ф The parts list for the latch card 
omitted a 20-pin 7418373, which was 
also incorrectly labelled as а 7415133 
in figure five. Table four should have 
read 


Edge 
connector 7415133 
Als 3 
49 п 
А8 12 
А7 13 
Аб 14 
А5 15 


The circuit diagram was re-drawn 
Лот the original to conform to Brit- 
ish Standards which the magazine has 
adopted for circuit diagrams. 

The Vero tracks should run the way 
they do on the Veroboard, і.е., right 
to left in figure one, not as drawn іп 
figure three, which was re-drawn іп 
issue two together with the circuit 
diagram. 

The wiring of SKI and SK2 is 
shown correctly in figure two. The 
long link by 5КІ should stop by рт 9 
and not go beyond the top edge of the 
socket. 
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Simple introductions 
to using Sinclairs 


Robin Bradbeer reviews three important books for people who wish to learn more about 
what to do with their computers and need careful well-written guides. 


ANDLE HURLEY is well- 
Re to readers of Sinclair 

Projects as the writer of the 
article which appeared in the first 
issue of the magazine on word pro- 
cessing on the Spectrum. The Sinclair 
ZX-81, Randle Hurley, Macmillan 
Press Ltd, 162 pages, contains a series 
of interesting programs. 

None of the programs is really 
hardware-orientated; they are aimed 
at exploring the software capabilities 
of the system. To quote from the 
introduction: 

“The person I had in mind when 
writing was not a computer expert. 
My target reader had finished all the 
material in the Sinclair manual and 
probably did not really understand 
those bits about Procrustean Assign- 
ment and Unary Functions. He or she 
will probably have read a book or two 
of games programs and perhaps will 
have been interested in some of the 
ideas presented in the pages of maga- 
zines devoted to the ZX-81. 

“My reader may have shared my 
frustration that these ideas, while fas- 
cinating, are given in isolation and 
seldom related to any real task the 
ZX-81 may be called on to do. The 
person 1 am writing for may be a 
teacher like myself, hoping to use the 
machine for academic organisation or 
as an educational tool. On the other 
hand, I may be writing for someone 
interested in using the ZX-81 to help 
run a small business or a social club. 
All these possible needs have been 
borne in mind during the writing.” 

That quotation explains very 
clearly his aims and, to a consider- 
able extent, he has more than suc- 
ceeded. Unlike a number of other 
writers, he tries to introduce the con- 
cept of flowcharting at the beginning 


of the book. The early programs are 
really designed to overcome some of 
the more annoying habits of the ZX- 
81. Some interesting software is given 
for error-detecting routines, crash- 
proofing subroutines and even auto 
start-up for cassette saving. 

Some interesting ideas аге рге- 
sented on storing numbers so that 
they take up the smallest amount of 
memory, and chapter three contains 
some very interesting time-saving 
techniques for increasing the execu- 
tion speed of Basic programs. 

After the introductory chapters 
there are seven well-explained appli- 
cations programs, each occupying 
one chapter. The first project consid- 
ers а very elementary word processing 
system. The second deals with money 
matters. As that normally means per- 
forming very simple routines many 
times over, a great deal of time is 
spent getting the program structure 
correct. 

That leads to a personal finance 
program, which is claimed to run all 
our household accounts. Four op- 
tions are considered — updating the 
balance; setting-up the system; 
changing standing orders; and filing 
the information. That allows six as- 
pects of personal finances to be con- 
sidered in detail — filing details of 
regular payments and the dates they 
fall due; remembering which cheque 
has to be deducted next; remembering 
which is the next paying-in slip to be 
added; deciding when salary cheques 
must be added and standing orders 
deducted; allowing for the possibility 
of special into and out of the account; 
and making provision for changes in 
standing orders. 

Following the financial theme, 
Hurley simulates a bank for teaching 








purposes, At his school there is a 
bank for students. It is not only for 
the convenience of the users but is 
considered to be important for edu- 
cational purposes. 

Another chapter considers storing 
data in the system so that comprehen- 
sive files can be built. The program 
was written originally for the ZX-80 
as a fun program, which ran a myth- 
ical rabbit farm and organised the 
reading to ensure maximum success 
at the National Bunny Show. 

From those humble beginnings 
some sophisticated programming 
points are made. The last two pro- 
grams look at more education tasks, 
such as examination results analysis 
and rank order calculations. The final 
chapter considers some simple hard- 
ware modifications to the ZX-81, so 
that it is able to withstand the ham- 
mering that is expected in the edu- 
cational world. 

For anybody interested in serious 
programming using Basic, the book 
contains some very interesting ideas, 
Although the programs are fairly spe- 
cialised and orientated towards edu- 
cation, there is much to be learned, 

By the guru of microprocessor ар- 
plications, Practical Microprocessor 
Systems, lan Sinclair, Newnes Micro- 
computer Books; 140 pages; covers a 
range of more popular microproces- 
sors used for hobbyist-based systems. 

He looks at the National Semicon- 
ductor INS-8060 (SC/MP II), the 
MOS Technology 6502 and the Zilog 
Z-80. The latter two microprocessors 
are very common, being used in com- 
puters such as the Pet, Apple, BBC 
micro and Oric, and the TRS-80, ZX- 
80 and 81, Spectrum and RML 380-2. 
respectively. 

Although the book concentrates 
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more оп the INS-8060 and the 6502 at 
the expense of the Z-80, most of the 
information is fairly processor-inde- 
pendent. Sinclair looks at how the 
microprocessor works, the action of 
the control data and address buses 
and elementary instruction codes. 

Address decoding and addressing 
methods are considered in the second 
and third chapters. Again, although 
the material is written around a пит- 
ber of support chips for the 6502/ 
6800 system, it is of sufficient general 
interest to be of use to any micro- 
processor. 

Chapter four is a comprehensive 
review of buffers and interfaces and 
looks at one-state, two-state and 
three-state buffers, PIAs and input/ 
output ports. Two minimal systems 
are considered in detail. One based on 
the Sinclair Research — no relation 
— precursor of the ZX-80, the MK-14 
and the other on the Commodore 
precursor of Pet, the Kim 1. 

Again, like the rest of the book the 
lessons learned in exploring the sys- 
tems are very relevant to the current 
single-board computers such as the 
ZX-80 and ZX-81. The last chapter is 
a very clear introduction and explana- 
tion of assembly language program- 
ming. 

The book is a good general intro- 


duction to simple microprocessor- 


based systems and therefore is 
recommended as a starter book for 
those who want a quick explanation 
of some of the more technical terms 
used in constructional articles. 

The comprehensive Mastering Ma- 
chine Code on Your 2Х-81 by Tony 
Baker, Interface; 180 pages; is not 
intended for the real beginner. Al- 
though Tim Hartnell’s introduction 
indicates that it is easy to understand, 
you need to know your way around at 
least the elements of Z-80 machine 
code programming before it makes 
sense at all, 

The introductory chapters deal 
with hexadecimal numbers, simple 
arithmetic and PEEKing and POKE- 
ing. Fortunately Baker gives a hex 
machine code loader on the first page 
of the second chapter, which makes 
life easy for entering the programs in 
the remainder of the book. 

After a comprehensive look at the 
LD instruction, a number of short 
programs are considered for adding 
numbers and for moving information 
around the Z-80 registers. A section 
looks at the CARRY flag and that 
introduces the idea of subtraction. 

The PEEKing and POKEing sec- 
tion explains clearly what happens 
when you try to use Basic to enter 


machine code directly into a memory 
location and that chapter also consid- 
ers looping and loading registers di- 
rectly with data. So far new and old 
ROMS are considered together and 
that is repeated throughout the book, 

Consequently most of the machine 
code programs can be used on the 
ZX-80 as well as the ZX-81. A very 
clear explanation of the use of REM 
statements for storing information is 
also included in the fifth chapter. 

One of the most powerful attri- 
butes of the Z-80 microprocessor is 
stack operations. A chapter is devot- 
ed to that and playing with the stack 
pointer produces some very interest- 
ing programs. 

The seventh chapter considers the 
ZX screen-handling facilities and the 
problems involved in using the rather 
peculiar method Sinclair designed for 
printing on the screen. A number of 
interesting programs are given in this 
chapter which really ends the intro- 
ductory part of the book. 

Then it becomes more a reference 
work, allowing you to dip into var- 
ious sections whenever you require 
specific information. 

The succeeding chapters are fairly 
self-contained. For example, chapter 
eight is a dictionary of all the Z-80 
machine code extractions and chapter 
nine explains how to debug machine 
code programs. The operation of the 
keyboard is dealt with in chapter 10. 

Three chapters deal with the devel- 
opment of a draughts game. It is 
clever, as Baker had obviously 
penned his thoughts as he developed 
the program, and that makes for fas- 
cinating reading. 

Some of the other sample programs 
include obtaining sound from the 
television speaker and some very ele- 
mentary high-resolution graphics. 
The final chapters look at disassem- 
bling the ROM and also a list of 
useful arithmetic subroutines. 

It is a useful reference work for 
anyone interested in developing ma- 
chine code programs for the ZX-81 
and is recommended to those serious 
readers of Sinclair Projects, es- 
pecially if they are having difficulty 
understanding what is happening 
when machine code is encountered. 
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Sinclair and calculus combine to 
aid computer design 


As an introduction for ways 
in which the ZX-81 can help 
in design, Philip Lawton de- 
scribes a way of predicting 
the waveforms which come 
from the tape recorder sock- 
et. We deal with the neces- 
sary electrical theory, the 
method of obtaining the 
equations, the program, and 
the results. 

NE OF the more novel uses of 

computers is to help to design 

other computers. As an intro- 
duction to the concept, I shall begin 
by showing how the 2Х-81 can be 
used with calculus to predict wave- 
forms and similar circuit analysis. 

The signal simulated is that from 
the tape recorder socket of the ZX- 
81. The waveform of that signal, 
which is produced during SAVE, can 
be predicted using 16 lines of Basic 
running on the ZX-81 or another 
computer. 

The ideas can be applied to many 
problems and are the foundations of 
modelling, simulation and systems 
theory. Equations involving rates of 
change have to be deduced and then 
solved numerically; that is easy when 
fundamental equations, laws, and a 
computer are used. 

The ZX-81 output circuit to be 
Figure 2: Electrical equations and laws, 








analysed is shown in figure one; the 
required signal is V2. 
an electrical circuit problem, 
appropriate fundamental equations 
and laws are required. The equations 
must refer to the rate of change of the 
capacitor voltage with respect to 
time. They are stated in figure two. 

In the following equations, the 
rates of change of capacitor voltage 
have been written as SVI and SV2 
respectively. Also the resistances of 
the logic output and the tape recorder 
input have been combined with R29 
and R27 respectively. 

Using the voltage law and the ca- 
pacitor equation 
Е=К29*1 + ҮІ + У2 апа I = С12*5У1 
by substituting for I and re-arranging 
Figure 1: ZX-81 output circuit for SAVE. 








for SV1 gives equation A 
5У1-(Е-У1-У2)/(829"С12) 


Using the current law and the сарасі- 
tor equation 

1=C12*SV1 = V2/R27 + C11*SV2 
re-arranging for SV2 to get equation 
B 


SV2=(R27*C12*SV1 - V2)/(R27*C 11), 








Equation B could be amended by 
eliminating SVI using equation A, 
but that is not necessary. 

The program used to undertake the 
necessary calculus is shown in figure 
three. Lines 90 and 100 contain the 
equations for the rates of change of 
capacitor voltage, 1.е., equations A 
and В 











‘Microphone output stage 
R29 IM 15К* 
c12 47р 470" 
R27 1K 15К" 
си а?а 470" 








Incorporate source and load resistances іп R29 and R27 


mic 








resistance м = Ri 
inductance м = Ш" 
conductance i = Gv 


capacitance i = Cv! 


is ZERO; 





The following four equations apply to electrical elements: 





‘The following two laws apply to electrical circuits: 
the addition and subtraction of ай the electrical potential differences in a closed mesh 


the addition and subtraction of all the electrical currents at a junction is ZERO. 
Also non-linear effects can be included. 


(7 means di/dt) 


км" means dv/dt) 
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Lines 110 and 120 undertake the 
calculus; they represent numerical in- 
tegration using Euler’s single step 
method, 

To understand line 110, SV1 needs 
to be evaluated at Т-0. Using line 90 
and the ZX-81 as a direct calculator, 
ЗМІ is 21277 volts per second. 

Now assume that this rate of 
change remains constant for a very 
short time interval—represented by 
Н. Then for Н = 1E —6 (line 30, one- 
millionth of a second) the change in 
voltage (line 110) will be approxi- 
mately 0.02 volts. That change is 
summed with the predicted potential 
(line 110) and the sum becomes the 
next predicted potential. 

The accuracy of the predictions de- 
pends on the selection of the time 
interval H; it has been selected to 
produce a small initial change (0.02 
volts) compared to the final voltage (1 


Figure 3: Simulation program. 


volt). More accurate and faster nu- 
merical integration routines are avail- 
able and are used in the large 
simulation programs. 

To predict the output voltage (V2) 
when the input (E) is a square wave of 
Figure 4: The results. 


+210 +4 volts the additional lines of 
code—figure three—should be incor- 
porated in the program. 

The results are shown in figure four 
and predict a peak output of 
+0.6mV. 





Results for V2 when E=1 


Time (sec) Volts 

о о 
«00001 00017 
100002 00028 
00003 00034 
100004. 00036 
:00005 :00037 
-00006 00035 
100007 100033 
100008 :00031 
100009 00028 
:00010 100025 
«00011 :00022 
100012 200018 
00013 00017 
:00014 00014 
100015 00012 





2Х-81 MIC output stage V2 


V2 when E=4, 2. 4, 2, at 15085 intervals 


о о 
«00005: 
“00010: 
100015 


-00020 
100025 
“00030: 
-00035 
100045 


«00050 
100055 











10 REM 2Х81 MIC OUTPUT 23/4/82 
20 LET T=0 

30 LET V1=0 

40 LET V2=0 

50 LETE=1 

60 LET H=1E-6 

70 FOR A=1 ТО 15 

80 FOR B=1 TO 10 

90 LET 8У1-(Е-У1-У2//47Е-6 


110 LET V1=SV1*H+V1 
120 LET V2=SV2*H+V2 
130 LET T=T+1 

140 NEXT В 

150 PRINT T*H,V2 

160 NEXT A 


30 LET V1=2 

42 LET F= —1 

44 РОВ C=1 TO 4 
46 LET F= -1*F 
50 LET E=3+F 
145 SCROLL 

170 NEXT С 





Alternatives (SLOW or FAST ZX81 only) 
145 





Additions for Е = 4, 2, 4, 2, at 15045 intervals. 


ZX-81 MIC output stage V2 
Program for V2 when E= 1 


100 LET SV2=(47E-9*SV1 - V2)/47E-6 


oI 


о 150 


150 PLOT INT (Т/10--0.5), INT (V2*1E5/4+20+0.5) 


Input Е, Output +0.63mV, 


300 
5 


450 600 
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SIMPLE, low-cost, high-per- 
Аб data acquisition in- 

terface can be made for the 
ZX-81. A block diagram of the inter- 
face is shown in figure one. The inter- 
face connects directly to the 
expansion edge connector at the back 
of the ZX-81 and provides four input 
channels and two output channels to 
ап accuracy of eight bits. 

At the heart of the interface is a 
new IC from Ferra ‘lectronics, the 
7.М477. It is an 8-bit successive ap- 
proximation A-D converter designed 
for easy interfacing to microproces- 
sors, All active circuitry is contained 
on-chip, including a clock generator 
and a stable 2.5V reference. 

‘A conversion cycle is initiated by 
the application of a negative-going 
pulse to the WR input; it can be 
completely asynchronous with the de- 
vice clock signal. After a period of 
between 7.5 and 8.5 clock cycles from 
the end of the WR pulse, the data on 
the outputs of the ZN477 will be 
valid. Data can be read out by taking 
the RD input low, thus enabling the 
three stage outputs. Those outputs 
are connected directly to the data bus 
from the Z-80 microprocessor. 

Two Ferranti ZN428s are used to 
produce the dual analogue output 
channels. The ZN428 is a fast 8-bit D- 
A converter with latched inputs, 
which are enabled by taking the 
ENABLE input LOW. Тһе ZN428s 
are placed directly on the Z-80 data 
bus with the ENABLE inputs driven 
from the address decoding logic. 

The input to the A-D converter is 
multiplexed by means of a 4051 IC. It 
is a single 8-channel analogue multi- 
plexor but only four of the eight 
channels are used. A 7600 voltage 
converter, 1С4, is used to produce a 
—SV supply from the +5V, neces- 
sary for both the multiplexor and A-D 
converter ICs. 

ICs 6, 7 and 8 comprise the ad- 














In the first part of our two- 
part article оп controlling 
your central heating system 
Owen Bird shows how to 
make а high-performance 
data aquisition interface. This 
is the most important part of 
the system. We will be show- 
ing how to connect the rest 
of the equipment in a future 
edition. 


dress-decoding logic — see figure 
four. They decode the unused ROM 
area between 8К-16К to produce the 
memory addresses for the system as 
defined in table one. Note that to 
keep the logic to a minimum, full 
address decoding is not used, nor is it 
necessary, hence table one will be 
repeated for every eight addresses in 
the address range 8K-16K, 1.е., 8008- 
8015, 8016-8023 and the like. 

1С7, which is a 3-8 line decoder/ 
demultiplexor, generates the WR and 
RD pulses for the ZN447 and the 
ENABLE pulses for the ZN428s. The 
ZN447 WR signal is also inverted to 
produce the CLOCK signal for the 
dual D type latch, 1С6. That latches 
the state of the two address lines А0, 
АІ on the negative edge of the ZN447 
WR pulse. 

1С6 outputs drive the control in- 
puts of the multiplexor, ICS, which 
selects the required input channel. 
Hence when а microprocessor 
“READ” instruction is executed at 
an address in the range 8000-8003, the 
defined channel is switched through 
to the A-D converter, ІСІ, on the 
negative edge of the WR pulse, and 
the conversion cycle starts on the first 
negative clock edge айсгїйе positive 
edge of the WR pulse. The width of 
the WR pulse, approximately las, 


Improve your heating 
efficiency with ZX-81 


allows the analogue switch to turn on 
prior to the converter starting a 
measurement. 

To use the address space 8K-16K 
on the ZX-81 it is necessary to force 
the ROM CS pin on the ZX-81 con- 
nector to the high state to disable the 
ZX-81 on-chip ROM. That is accom- 
plished by means of the NAND func- 
tion formed with diodes D1-D3, gate 
IC8(b) and transistor 01. 

The nominal 0-2.56 voltage range 
(10ту/Ыік), of the A-D converter is 
used, without any pre-scaling or zero 
trim. The purpose is to allow stan- 
dard joystick controls to be connect- 
ed to the four input channels with no 
additional power supplies. Since the 
sweep angle of the standard joystick 
is only of the order of +25 degrees of 
the potentiometer 270 degrees travel, 
then with +5V across the potentio- 
meter the input voltage to the A-D 
converter can be adjusted to be within 
its input range of 0-2.56V. The volt- 
аре swing from the joystick pot. will 
be about 2.0V. 

Software calibration can then be 
used as part of the operating program 
to scale the inputs. If different input 
ranges are wanted, one of the simple 
resistor networks, shown in figures 
five or six, can be used in the circuit 
between the multiplexor and the A-D 
converter. Note that the internal ref- 
erence of the ZN447 is used to supply 
the reference voltage to the 74285. 
That saves components and produces 
improved matching between convert- 
ers. The basic output range of the 
ZN428s is nominally 0-2.56V with an 
output resistance of 4kohm. Suitable 
buffer amplifiers can be added exter- 
nally if necessary. 

Control of the interface can be 
performed in either Basic or machine 
code. With Basic it is a matter of 
using the PEEK and POKE com- 
mands directed at the appropriate 
hardware addresses as defined in 
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Figure 1: Component layout. 





сні сме 083 Сне рас. раса 


Бал гэ 


ice 


бі 



















































































ІШІ 


ШИШ 














SINCLAIR PROJECTS April/May 1983 

















i 























Figure 4: Circuit diagram. 


‘Mount on «тай 
40°C/W heatsink 


2Тх314 
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1 741502 
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table one. А simple test program is 
shown. It prints-out the equivalent 
value in decimal of the converted 
input voltage applied to each channel. 
Also the values read on input chan- 
nels one and two are transferred to 
the output channels one and two re- 
spectively. 


10 REM DATA INTERFACE EXAMPLE 
20 LET Al =8192 

30 LET A2=8196 

40 SCROLL 

50 FOR N=0 TO 3 

60 LET Х = PEEK (А1 +N) 
70 LET D=PEEK А2 

80 PRINT TAB (N*8); D; 

90 IF N>1 THEN GOTO 110 
100 POKE (А! + (4*N)), D 

110 NEXT М 

120 SCROLL 

130 GOTO 50 


Note that when programming Ba- 
іс, due to the high speed of the 
№447 A-D converter compared to 
the relatively slow execution time of 
the Basic program, it is unnecessary 
to include any delay loops in the 
program to allow for the conversion 
time. 











If faster data acquisition is re- 
quired, machine code routines may be 
incorporated. In that case a short 
programmed delay of the least 108 
— dependent on the ZN447 clock rate 
— should be added between the con- 
verter start and read instructions. 
That is illustrated in the following 
machine code subroutine, which per- 
forms a similar function to the pre- 
vious example. 

The four input channels are read in 
turn and the values stored in consecu- 
tive memory locations, starting at the 
address labelled ‘STORE’. Then the 
values stored from channels one and 
two are transferred to the output 
channels one and two before return- 
ing to the calling program. 


M/C DATA INTERFACE EXAMPLE 
START: LD DE, STORE; SET STORE 
POINTER 
LD HL,2000H ; SET ADC 
POINTER 
LD B,04 ; SET COUNTER 
TCH: LD A,(HL) ; SEL СН AND 
START CON 
LD C,82 ; DELAY COUNT 
DEC С; DELAY LOOP. 








JR NZ,DEL 

LD A,(2004H) ; READ ADC 

LD (DE),A ; STORE RESULT 

INC HL 

INC DE 

DEC B 

JR NZ,NEXTCH ; REPEAT FOR 

4 CHS 

LD A\STORE) ; TRANSFER 
СНІ READING 

LD (2000Н),А ; ТО DACI 

LD A\STORE +1) ; TRANSFER 





CH2 READ- 
ING 
LD (2004H),A ; ТО DAC2 
RET 
STORE: МОР 
NOP 
NOP 
NOP 
A suitable layout for a double- 


sided PCB together with a component 
list is produced in figures two and 
three and table two. Use of a double- 
sided PCB allows all the signals from 
the expansion edge connector to be 
routed to the connector on the PCB, 
allowing the RAM pack to be piggy- 
backed on to the PCB. 

Note that provision is made on the 
PCB for a LM7805 regulator ІС to 





Figure 2: Top of PCB showing connections. 
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Table 1 
Address (hex) RD суйе МҜ cycle 
2000 CHI АЭС DACI 
2001 СН2 АБС 

2002 CH3 ADC 

2003 CH4 ADC 

2004 READ АРС БАС? 
2005 

2006 

2007 











supply the +5V for the interface, 
instead of using the regulated 5У 
from the ZX-81, While probably not 
essential, it is recommended that the 
7805 be installed on the PCB, using a 
small clip-on heatsink, especially if 
using the 2Х-81 peripherals. In that 
case, link A should be connected and 
link B left unconnected. The total 
current drawn by the interface board 
із typically 75тА, 125mA maximum. 

While it is feasible to perform A-D 
and D-A conversion with a compara- 
tor, a few discrete components and a 
microprocessor, it means tieing-up 
the microprocessor to control the 
conversion sequence. In the case of a 
Basic program it would take a con- 





siderable time to perform an A-D 
function to a useful number of bits 
resolution, probably requiring the use 
of additional sample and hold circuit- 
ry. 
This design, although costing a lit- 
tle more than the discrete approach, 
offers much better performance and 
versatility, as well as being as easy to 
use as simply addressing extra mem- 
ory. 

The interface should open a new 
sphere of interest and activity for 
users of the ZX-81, allowing the com- 
puter to communicate with and to 
control analogue transducers in the 
“real” analogue world. Such applica- 
tions as more interactive computer 
games; control of models and robot 
more serious uses such as domestic 
heating and lighting control; amateur 
weather station data recording; auto- 
mobile engine and performance mon- 
itoring; and educational uses are a 
few ideas. The limit is up to the 
ingenuity of the ZX-81 user. 


The ZN447 series of ADCs is avail- 
able in a choice of linearity specifica- 





tions, ZN447 — quarter LSB, ZN448 
— half LSB, ZN449 — 1 LSB. 





Table 2 — Components List 











Semiconductors 
ісі —ZN447E, ZN448E ог ZN449E 
1С2,3 —ZN428E-8 

ісі 

165 

Іс --741574 

іс? 15138 

1С8 -741502 

19 —LM7805CT (ор) 
Qi —ZTX314 

різ —ZC2810E 

D4 —IN4148 
Capacitors 

сі —47 ағ 

Саз —10 MF 

с 7 pF TANT 

cs —100 pF CER 
C6-10 —0.1 ИЕ CER 
Resistors — all 1/4W 5% 

кі —390 

R23 -ок 

R4 —ik 

RS -100 

Ré -82 k 











Figure 3: Bottom of PCB. 
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Interface attempts to keep 
software to a minimum 


HIS 15 a hardware and soft- 
| ware design of ап RS232 inter- 
face for the Spectrum. The 
hardware supports a handshaking 
protocol so that software overheads 
may be kept to a minimum, while the 
software has been designed to allow 
ап entire program to be transmitted 
with the entry of a single direct Basic 
line. 

The device can be run at speeds 
from 110 to 9,600 baud by a combi- 
nation of software and hardware 
strap alterations. It is based on the 
Intel 8251 UART and requires the use 
of a 9V battery to provide ће 10-15У 
rail, since the — 12У connector оп the 
Spectrum backplane does not supply 
-12У. 

Details of the 8251 operating 
modes can be found in Intel Appli- 


As part of writing a book, 
John Phipps and Trevor Toms 
produced this project to help 
print listings. They offered it 
to our readers to allow them 
to improve their printed 
copies of programs. 

cation Notes АР16. Those notes аге 
also available in book form, pub- 
lished by Elcomp, ISBN 3-921682-54- 
1 


The baud rate is generated by a 
4702B; pins 80-53 (output оп pins 
11-14) decide the appropriate rate 
value as shown in the table. The 8251 
is installed at port addresses 73F hex 
(1855 decimal) for the command port 
and 71Е hex (1823 decimal) for the 
data port. Those ports can be ac- 
cessed directly using the IN and OUT 


commands in Basic as shown in the 
examples. 

Initially, the 8251 must be initia- 
lised to operate in the desired mode. 
That is achieved by transmitting a 
mode control character to the com- 
mand port in the following format: 
D7 D6 05 D4 D3 D2 рі DO 

О В 
ВВ specify the number of stop bits 
following а data character— 
01 =one stop bit, 10=1.5 мор 
bits, 11 = мо stop bits. 
determine the parity of data— 
00 or 10 mean no parity is to be 
checked, 01=044 parity, 
11 = parity. 
indicates the data character 
length in bits—00=5 bits, 
01=6 bits, 10=7 bits, 11=8 
bits. 





PP 


LL 
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RR determine the baud rate fac- 
їог—01 means switch rate, 
10=switch rate * 64. 

To ensure that the 8251 is prepared 
to accept a mode control character, 
first send three null characters: 


LET mode 
BBPPLLRR 
OUT 1855,0: OUT 
OUT 1855,0 

OUT 1855, mode control 


Then the UART can be used to 
receive or transmit data as desired. 
That is determined by sending at any 
time a command instruction to the 
command port, in the following for- 
mat: 

D7 D6 05 D4 рз D2 рі ро 
ЕН IR RTS ER SBK RXE ОТК ТХЕ 
EH по! used in async. protocols. 
IR 1 indicates that the 8251 is to 

be re-set. 

RTS Request to send. Setting this 
bit to 1 will cause the output 
RTS to be forced to zero. 
Error re-set. 1 re-sets all error 


control = BIN 


1855,0: 


ER 





flags (PE, OE, FE — see text). 
1 forces TXD pin low. 
1 enables data reception. 
1 forces the DTR pin low (en- 
abling data terminal ready). 
TXE 1 enables data transmission. 
At апу time, the command port can 
be read to ascertain the current 8251 
status. That should always be done 
prior to transmitting or receiving any 
data. 


SBK 
RXE 
DTR 


LET reply=IN 1855 

gives the following additive value in 

the variable “геріу”: 

1 TXRDY—i a character may 
be sent for transmission. 

2  RXRDY—i.e., a character is 
waiting in the 8251 buffer to be 
read. 

4 TXE—transmitter empty. That 
means another character may be 
loaded into the 8251 data port. 

8 PE—parity error has been detect- 
ed. That does not affect any op- 
eration; it serves only as a 
warning. 

16 ОЕ--оуег-гип error. A character 





has been received by the 8251 
before the previous one was tak- 
en from the buffer. That should 
not occur if the interfacing cable 
has RTS and DTR connected for 
handshake. 

32 FE—framing error. A stop bit 
has not been detected. Again, this 
is only a warning. 

64 SYNDET—not used in async. 
mode, 

128 DSR—Data set ready, This con- 
tains the setting of the DSR pin 
оп the 8251. 

The following program transmits 
data at 9,600 baud to an external 
device, checking that transmission 
has been undertaken successfully, 
Normally, the device would be a fast 


printer. 
10 LET  initialise=9700: LET 


transmit = 9800 





100 GO SUB initialise 
110 LET d$= “string to transmit”: 
GO SUB transmit 





Figure 1: Top of the PCB 
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Figure 2: Circuit diagram 


1,7432 


9 = 

Ар в ADD 47432 
-- 10) 

А7 


aj Їв 
TORO 54 |с 
PORT 73Е-СММО (А7 + A6+ А5) 
PORT 71F=DATA (А7 + А6 + АБ) 
eS oa 


6.4 sec 


AS 


2.4576 MHz XTAL Бер 


Шон 
56р 

оу 
8171 6]5Ї4{3у2ү1 


47028 
эро 111” 6 
+5V 


ov 





зз 








30 SINCLAIR PROJECTS April/May 1983 














uM 
SPECT) 





SPECTRUM 
EDGE 


1 GI 
3 CONNECTOR 
RESET 
2 
61514 [3 





-- 


CONNECTOR 
(FEMALE) 





6 4 058 6 
35175188 оу 7 
2 3 TOW, 

i 10) 
3 RIS 4 

9) 

6 
БІН 20 





9700 КЕМ initialise 8251 

9710 OUT 1855,0: OUT 1855,0: 
OUT 1855,0 

9720 OUT 1855,ВІМ 11001110: OUT 
1855,BIN 00110111 

9730 RETURN 

9800 REM transmit 45 

9810 FOR x=1 TO LEN 4$ 

9820 LET reply = ІМ 1855 

9830 LET reply=reply-INT (геріу/ 
8*8 

9840 IF геріу< >5 AND теріу< >7 
ТНЕМ СО ТО 9820 

9850 OUT 1823,CODE 45(ж) 

9860 МЕХТ х 

9870 КЕТСЕМ 

Line 9820 loads the current 8251 sta- 
tus. 

Line 9830 isolates the three least sig- 
nificant bits—TXE, RXRDY, 
TXRDY. 

Line 9840 allows а character t be 
transmitted (line 9850) only 
when both TXE and TXRDY 
are true, regardless of the set- 
ting of RXRDY. 

Our interface is mounted on an RS 
Eurocard — part по. 434-267 — and 
has а 44-way edge connector placed 
directly on to the board. That was 
made by taking an RS part 467-059 
and cutting it to 27 connections in 
length, adding a keyway at the fifth 
pin from one end. The board mounts 
directly into the Spectrum port, lay- 
ing horizontally on the working sur- 
face. All other components can also 
be obtained from RS Components. 
They are shown, with RS catalogue 
numbers in brackets: 

741.500 (307-480) 7415393 (304-863) 

7432 (304-093) 

8251М (309-357) 47028 (303-517) 

75188 (309-587) 75189 (309-593) 

2.4576МН: crystal (303-359) 





The software Assembler listing 
shown gives the source of a routine 
which allows an entire Basic program 
to be sent down the RS232 line. It 
works by re-directing the screen out- 
put to the routine starting at label 
OUTPUT. That is achieved by calling 
the routine INIT at address 65000, in 
the standard version. 

From that point, the next LIST 
command will cause the screen output 
to be sent to the RS232. Once com- 
pleted, a call to 65004 will switch 
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output back to the screen. Addition- 
ally that transmits three ETX charac- 
ters to signify to any receiving device 
that the end has been reached. 

Note that the ROM printing rou- 
tines also re-direct screen output 
when a TAB control character is is- 
sued; thus this method cannot be used 
to re-direct PRINT statement output. 

The routine was designed originally 
for use with a CP/M-based micro- 
computer so that all programs devel- 
oped for the Spectrum Pocket Book 
could be transmitted for accurate 
printing ready for publication. The 
CP/M computer used a conversion 
program to translate all the keyword 
code values into their expanded 
form—e.g., a byte containing the 
decimal value 237 was converted into 
the text GO SUB—and additionally 


forced the printout to be shown in 
bold type. 

This Assembler program can be 
entered using the Assembler given in 
the Spectrum Pocket Book or, 
alternatively, loaded with a simple 








hex loader program, using the col- 
umn marked HEX as a guide to the 
code to be entered. 


The 4702B baud rate generator 
provides a wide range of output fre- 
quencies ranging from 50 baud for 
interfacing with electromechanical 
devices to 9,600 baud for high-speed 
modems. The circuit contains the fol- 
lowing five functional subsystems: 

Oscillator: This circuit generates 16 
output clock pulses per bit period 
from an input clock frequency of 
2.4576MHz. It may be driven from 
two alternative clock sources—I, with 
Еск а! a logic low level the CK input 
is the clock source; 2, when the Еск 
input is high a crystal connected 
between 1X and OX is the input clock 
source, 

Scan counter: The clock frequency 
їз output оп the CK output pin. This 
is applied internally to а + 8 pre-scaler 
with buffered outputs Qo, О, and Qz. 








FDE8 1800 JR INIT РЕЖ 38F2 ік C,AWAIT 
FDEA 1800 JR OUTPUT FE22 ЕІ POP AF 
ЕРЕС 1800 JR CLOSE FE23 1800 ЈК CLOSE 
FDEE INIT: ЕЕ25 TXRDY: 

FDEE 013F07 LD BC,IOSTAT ЕЕ25 011Ғ07 LD BC,IODATA 
FDFI AF XOR A FE28 Fi POP AF 

FDF2 ED79 OUT (С),А ЕЕ29 ЕПр79 OUT (C),A 
ЕРЕ4 ED79 OUT (С),А FE2B C9 RET 

FDF6 ED79 OUT (С),А FE2C CLOSE: 

FDF8 3Е40 LD А,40Н FE2C 2А4Е5С LD HL,(CHANS) 
FDFA Е079 От (СА FE2F 11050 LD 0Е5 
FDFC 3ECE LD А,0СЕН FE32 19 ADD HL,DE 
FDFE ED79 OUT (С),А FE33 112409 LD DE,9F4H 
ЕЕ00 3637 LD A,37H FE36 73 LD (HL),E 
ЕЕО2 ED79 OUT «СУА БЕЗ? 23 INC HL 

FEO4 2А4Е5С LD HL,CHANS) FE38 72 LD (HL),D 
FE07 110500 LD DE,5 FE39 CDS4IF CALL BRKTST 
ҒЕОА 19 ADD HL,DE FE3C DO RET NC 

FEOB 110000 LD  DE,OUTPUT РЕЗО 363 LD АЗ 

FEOE 73 LD (HL),E FE3F CDI3FE CALL OUTPUT 
FEOF 23 INC HL ҒЕ42 C9 RET 

НЫ ою Шы» хөх 

ЕБІ2 C9 ВЕТ CHANS 5С4Е 8ТЕМ8 5С10 
FEL OUTPUT: ТОЅТАТ 073F IODATA 071F 
Е Бин BRKTST 1Б54 ENTRY ЕРЕВ 
FEI4 AWAIT: INT і FDEE OUTPUT ЕЕ13 
FEI4 013807 LD BC,IOSTAT Aero ee 
ЕЕІ7 ED768 IN АС) 

ЕБІ9 E604 AND 4 Run by using the single command: 
БЕІН 2000 JR NZ,TXRDY RANDOMIZE USR 65000:LIST: 

FEID С0541Е CALL BRKTST RANDOMIZE USR 65004 
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Counter network: The scan counter 
output О; is a square wave’ of | the 
input frequency and drives the fre- 
quency counter network which gener- 
ates the 13 output baud rates. The 
134.5 baud rate has a frequency error 
of —0.87 percent and the 110 baud 
rate a frequency error of — 0.83 per- 
cent. The division of 16/3 is per- 
formed by alternating the divide ratio 
between 5 twice and 6 once. The 
result is an exact average output fre- 
quency with some frequency modula- 
tion, When the divide-by-16 feature 
of the UART is considered the result- 
ing distortion in output frequency is 
less than 0.78 percent. Ай the output 
signals һауе a 50 percent cycle except 
for 1,800 baud output. 

Output multiplexer: The outputs 
from the counter network are fed to a 
16-input multiplexer, which is con- 
trolled by the rate select inputs (Ss to 
55). The multiplexer output is re- 
synchronised with the incoming clock 
to cancel all cumulative delays and 
present an output signal synchronous 
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Baud rato output 
Multiplexed input (Iy) 

н Multiplexed input (м) 

L 50 

н 75 

L 134.5 

н 200 

L 600 

н 2400 

ЛЫН | 9600 

Тай 4800 

L 1800 

H 1200 

L 2400 

H 300 

L 150 

H 110 








with the сап counter outputs (Qs to 
92). The output baud rate for each 
select code is shown in table one. 
Note that two codes select ап Їм input 
allowing a zero baud ог special rate to 
be fed to the output from this input. 

Initialisation Re-set: This circuit 
generates common master re-set sig- 





nal for all the internal flip-flops. This 
signal is derived from a digital differ- 
entiator which senses the first high 
level on the CK input after Еск goes 
low. When Еск is high, selecting the 
crystal input, CK must be low. A high 
level on CK would apply a continuous 
re-set. 
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Sinclair allows many more 
handicapped to communicate 
with the outside world 





ITH THE ADVENT of a 
heap printer from Sinclair 
and а cheap input/output 


port module from Technomatic, both 
of which are very cost-effective, a 
printing/sketching aid for disabled/ 
handicapped people can be produced. 
The device would be orders of magni- 
tude cheaper than other aids of that 
type and thus make it available to the 
many, rather than the few. 

The design aims were single-switch 
operation; simple connection to the 
port and minimum component count; 
capable of being tailored to individ- 
ual disabilities; minimum physical ef- 
fort. 

Single-switch operation is achieved 
through cunning software design, in 
which symbols on the screen do all 
the work, rather than multiple switch 
presses or sequences. The user stops a 
moving asterisk above the appropri- 
ate function symbol, e.g.,[c](inverse 
с) clears the screen. 

Simple connection is achieved by 
orientating the software the proper 
way. With nothing connected, РЕЕК- 
ing the port yields 255, і.е., all bits 
high. A push-to-make switch is con- 
nected between channel 0 and 
ground, When pushed it yields a port 
value of 254. That avoids the need for 
pull up/pull down Ik resistors con- 
nected in profusion, grounding the 
other channels. In that way, using 














в 





There аге many aids which 


allow severely disabled 
people to write but most are 
expensive. Here, using an 


easily-available interface this 
cost is reduced substantially. 


fort is achieved by allowing the aster- 
isk to move automatically and have 
key depression only when a character 
is selected. That creates less strain 
than holding down the switch and 
releasing to select character. 

The author did his best to incorpo- 
rate those aims and believes that the 


Figure 1. 


switch to stop the asterisk opposite a 
particular character prints that char- 
acter at the top of the screen in the 
cursor position (*) and moves on the 
cursor. Holding down the switch 
causes auto repeat. 

The black square after the inverse 
D prints a white blank space at the 
top of the screen. Holding down the 
switch with the asterisk above that 
black square causes auto space re- 
peat. The inverse B causes a back 
space to delete last character and can 
be held down to delete whole words 
or lines, 

Stopping the asterisk above the in- 





TECHNOMATIC READ PORT 
тыч, 









PUSH TO MAKE SWITCH 
ж 


FILM САМ 








resultant device will find many appli- 
cations in the homes of the disabled, 
because of both its effectiveness and 


active low, no components are needed. зів cheapness. It is also felt that many 


except a single push-to-make switch. 

The software speed—the speed of 
movement of the asterisk—can be 
altered to almost any speed to suit the 
comfort of the person. The single 
switch can be operated by blowing 
down a tube, nodding your head 
through a light beam, using the teeth or 
the lips. So long as the disabled per- 
son can flex one muscle group, he can 
use the device. Minimum physical ef- 


establishments caring for disabled 
children or adults might like to review 
their equipment. 

A typical situation where the pro- 
gram is being used is shown in figure 
two—a copy of the VDU screen. The 
bottom two lines on the screen are for 
character selection and the rest of the 
screen is for character printing. The 
asterisk moves automatically around 
the line of characters. Pressing the 


verse D causes the asterisk to jump to 
the line below, to access the less-used 
characters and the graphics for draw- 
ing. The inverse C in that line causes 
the screen to clear and re-starts the 
asterisk on the top line automatically. 

А complete screen сору is achieved 
by stopping the asterisk above the 
inverse P on the bottom line. Only the 
text is copied—the two character se- 
lect lines are not. 

To return to the top line, stop the 
asterisk above the inverse U and it 
reverts to the top line. It is much 
simpler than it sounds and, in a mat- 
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Figure 2: Representation of sereen. 


ter of minutes, the relative novice is 
able to write quickly on the screen 
and to use graphics to produce simple 
pictures. 

The Тесппотайс port is available 
as a kit or ready-built from Techno- 
matic Ltd although any port could be 
used, The kit arrives well-packed and 
with some good explanatory applica- 
tions notes. Construction is relatively 
easy. The only criticism is that the 
board is not through-plated and sol- 
dering through the board takes time. 
Soldering on the RAM pack exten- 
sion edge connector can be difficult. 
The single switch required to operate 
the device was attached as in figure 
опе, 

The switch is connected between 
pin 9 (ground) and pin 1 (channel 0) 
of the READ port. The port pushes 
оп to the edge connector at the back 
of the 7Х-81, Then push the printer 
оп to the port edge connector and 
finally push on the RAM pack. That 
sandwich is more stable than it 
sounds and the author has exper- 
ienced no trouble with poor connec- 


tions. The decoding provided by 
Technomatic puts the port at address 
11000 and a single byte can be 
PEEKed from or POKEd there. 
Switch status polling is achieved 
through PEEKing the byte at the 
port. With the switch operated, i.e., 
channel zero grounded, PEEK yields 
254 with the switch released, PEEK 
yields 255. It is as simple as that and 
if you use а different memory- 
mapped port you change the PEEK 
address. 

A listing of the software is shown 
in program one. At lines 240 and 250 
there are 32 spaces between the quo- 
tation marks. Lines 52, 62 and 63 poll 
the switch status; if depressed, line 62 
causes a jump to line 130. At that 
point the asterisk has stopped oppo- 
site a particular character. That char- 
acter is PEEKed—lines 130 and 140— 
and Y is given that value. 

Lines 141 to 170 test Y, to see if it is 
a function character, rather than a 
character to be printed, and the pro- 
gram then takes the appropriate ac- 
tion for that function. For example, 








Program 1. 


if У has the value 181 (inverse Р), the 
program jumps to the copy screen 
routine starting line 240, 

The speed of traverse of the aster- 
isk is altered by changing the range of 
the J values in line 52. In that way the 
speeds at which different individuals 
work can be accommodated. 

Those without an input/output 
port module сап connect two wires to 
the keyboard matrix connectors in- 
side the computer and replace line 62 
with: 

62 IF ІМКЕҮЗ. ” THEN GO TO 
130 where A is the letter for the 
keyboard connections chosen. Then 
replace line 64 with: 
64 IF INKEYS= 

D=D+1 

The program/hardware configura- 
tion should bring printing/drawing 
within the reach of many disabled 
people. The author would also be 
pleased to answer queries from bona- 
fide disabled people and related es- 
tablishments on any implementation 
problems experienced while using the 
system. 





” THEN LET 
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Decoding the memory to 
find where data goes 


To help with the understanding of how to make a variety of future projects, lan Mellor 
describes how information is accepted, travels through the computer and is stored. Articles 
based on this will follow in subsequent issues. 


ANY READERS have 
asked us for the details of 
how a computer works and 


a number of other subjects. This ѕе- 
ries will take you through ideas, such 
ав analogue-to-digital conversion, 
and how the screen and keyboard 
work. We begin with an explanation 
of how the memory works and how a 
particular piece of data reaches the 
correct memory location without be- 
coming lost. 

A description of the architecture of 
a microcomputer shows that it соп- 
sists of a microprocessor — or CPU 
— memory — ROM and RAM — 
and input/output ports. The memory 
is used to store instructions and infor- 
mation and the input/output ports 
are used to exchange information 
with the outside world via items such 
as keyboards, and VDU. They are 
connected by the address and data 
buses and some control lines. 

Information travels to and from 
the microprocessor along the data bus 
which in the ZX-81 is eight bits (lines) 
wide. The information consists of a 
binary word which is sent in parallel 
— one bit down each of the eight 
lines. From where that information 
emanates or where it goes depends 
оп the “address” оп the address bus, 
which in the example is 16 bits wide, 
i.e., И has 16 lines; and the signals оп 
various other lines called the control 
lines. We consider only the read (RD) 
and write (WR) control lines. 

A line or bar drawn over the let- 
ter(s) of a mnemonic indicates that it 
is active low, in other words a low 
voltage on the WR line signals that 
the CPU is performing a write in- 
struction. If we consider a three-bit 
address bus for simplicity, there are 





eight possible combinations of binary 
numbers which can be used. A decod- 
er such as that shown in figure one 
can be used to select or enable a latch, 

The data bus is bi-directional; in- 
formation can be sent from the CPU 
along the data bus to be stored in one 
of the latches or read in from the 
latch. When data is being sent the 
WRITE line goes low and that is used 
by the latching devices to switch them 
into input mode. Any latch which is 
then addressed or enabled will store 
whatever data is in the data bus at the 


Figure 1A 








Four to 16-іпе decoder. Any book on 
digital electronics or TTL data book will 
have an example, 





time; all previous data stored in that 
latch will, of course, be overwritten 
or ‘lost’. 

When the CPU is reading data it 
reads whatever is on the data bus 
while the READ line is low or the 
WRITE line — or R/W line — is 
high. The addressed latch will be in 
output mode. The information stored 
in the latch can be read over and over 
again and will not change until new 
information is written into the latch. 
Some latches are one-way and act as 
input or output ports. 


Ап output is produced when the 
microprocessor sends data to an out- 
put location as if it were writing data 
to a memory location, The 5-bit data 
word is available on the five output 
lines from the latch to control relays, 
motors, display unity. Information 
from the outside keyboard is fed on 
to the data bus via a latch — or tri- 
state buffer — as though the micro- 
processor were reading data from a 
memory address. 

It is often desirable to know 
whether a particular address refers to 
ROM, RAM or input/output and 
there are so many memory locations 
that it is difficult to grasp the overall 
organisation. If all the 16 address 
lines are fully-decoded there are 65536 
(64K) addresses. Note that ІК means 
1,024 memory locations. An effective 
way of picturing the memory space in 
а computer is to use a memory map as 
shown in figure five. That can be 
labelled in decimal and hexadecimal 
to allow cross-references to be made. 
In many microcomputers not all of 
the address space is decoded. This is 
because not all of the address space is 
used and areas are left to allow flexi- 
bility of expansion. Also, to save 
money, only essential decoding is 
done. 

Memory traditionally has been par- 
titioned into 1, $ or ІК blocks or 
banks. The rest of the decoding is 
included inside the IC package with 
the memory. There may well be 1,024 
or more bytes of memory and all the 
necessary decoding оп a single ІС. 
The address in the memory map 
where the 1,024 bytes are located 
depends on how the chip enable 
line has been decoded. A block of {К 
of memory is sometimes called a page 
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— 0-255 decimal=0-FF hex; оп the 
memory map diagram each one-milli- 
metre division represents 256 bytes or 
опе page of memory. There are 256 
pages in 64K. 

The shaded parts of the columns 
represent a low on the address line, 
thus when А13 is high it selects mem- 
ory in blocks: 

8,192-16,383 (8-16К) 
24,767-32,768 (24-32К) 
40,960-49,152 (40-48К) 
апа 57,344-65,536 (56-64К) 

Consider а case where 256х8 
RAMs and КОМУ are being used — 
2568 means 256 bytes. Because 
each RAM or ROM contains 256 
locations, eight address bits must be 
used to select the correct location 
within each chip (2*=256). If we 
want IK bytes of ROM and ЗК bytes 
of RAM a total of four ROM chips 
and 12 RAM chips are needed. 

The addressing process must select 
the correct chip. The chip-select (CS) 
put to each RAM or ROM can be 
used. Up to eight memory chips can 
be selected using linear addressing; 
each address line А8-А15 selects one 
IC. That is deep because no decoders 
are needed but it limits further expan- 
sion, 

Before deciding where and how to 
add further inputs or outputs to a 
2Х-81 it is necessary to understand 
how the system handles its inputs and 
outputs. Then a position on the mem- 
ory map can be selected to place the 
1/O ports. The present inputs and 
outputs are screen display (out); key- 
board (in); cassette (in & out); printer 
(in & out). 

The single Z-80 microprocessor 
chip in a ZX-81 handles all the input 
and output control as well as per- 
forming the processing. Further 
economies are made in the way the 
decoding is performed to minimise 
the hardware required. 

The display file is an area of RAM 
containing lines of text or other char- 
acters, each line being terminated by 
the NEWLINE character, , deci- 
mal 118 (hex 76..01110110). The аг. 
lowable character codes аге the 
numbers 0 to 63 (hex 0 to 3F). 

The monitor initiates a scan by 
jumping to the first byte of the line 





with AIS of the program counter set 
and with the interrupt enabled. That 
is ап op code fetch cycle. Line А15 is 
50 connected within the Sinclair logic 
chip, a Ferranti ULA, that the data 
lines are pulled low so that the CPU 
sees zeros on the data bus and ex- 
ecutes a NOP instruction (code 00). 
After executing the NOP instruc- 
tion, the Z-80 increments the pro- 


gram counter. The CPU then 
addresses the next item of data from 
the display file in RAM, The CPU 
samples data on the data bus on the 
rising edge of the T3 clock pulse and 
that same edge is used to turn off RD 
and MREQ 

The SLC does two things; first, it 
latches the data into the character 
address register on the SLC; then it 





Figure 1 


3 to 8 line decoder 


7415138 























Simplified — omit enable line. 


compare to this diagram. 














Only one of the eight output lines can be low at any time. The codes on each line show 
the states of the inputs A, B, C for that line to be active (low). This is usually 
expressed іп а truth table. See data sheets for pin-out diagram and truth table and 
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drives the data bus low before ТЗ so 
that the CPU will ‘see’ a NOP in- 
struction. 

Each line is scanned eight times to 
produce the necessary eight rows for 
the character matrix. Each line is 
scanned 16 times; two scan lines pro- 
duce one row of dots. The same 
codes, representing the character, are 
loaded into the character register each 
time. 

Bits 0,1,2,3,4 and 5 of the code are 
placed into bits 3,4,5,6,7 and 8 of the 
register. The three low-order bits are 
provided by the scan counter. The 
register is nine bits long and provides 
the lower part of the ROM address 
(АО to АВ); the contents of the I 
register form the higher part of the 
address (А9, А10, All, А12). The 
character is at the top of ROM from 
1Е00 to ТЕБЕ. 

Hence A has the code decimal 38 
(00100110). Thus the character regis- 
ter will contain 

АВ А0 


Figure 2 












Figure 3: А five-bit memory location or latch 























These diagrams are only symbolic. See reference on latches or memories for 


operation. 





100110000 on the first scan 
100110001 on the second scan 
100110010 on the third scan 
and the successive locations in the 
ROM will contain the codes to make 
up the letter A as in table one. 

The Z-80 keeps fetching each byte 
in the display file until a NEWLINE 
character is encountered. NEWLINE 
(hex 76) has D6 set; all the rest of the 
characters do not. D6 causes the data 
lines not to be pulled low so that the 


Decoding of 16 latches from four address lines. All the latche: 
data bus as in figure two; only five lines are shown when it would consist of eight 
lines. If two latches were enabled at the same time there would be а conflict, unless 
they both contained the same word (data). It is important that only one latch is turned 


оп at any particular time. 
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CPU ‘sees’ 76 and halts, because 76h 
is the Z-80 HALT instruction. 

A HALT instruction causes the 
CPU to execute endless NOP instruc- 
tions until an interrupt is received, 
Each cycle in the HALT state is a 
normal М1 (op-code fetch) cycle ex- 
cept that the CPU ignores the data 
bus and a NOP is forced internally to 
the CPU. The refresh register соп- 
tinues to be incremented during a 
HALT state. 


connected to the 
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Just before beginning the line scan, 
the monitor loads the refresh counter 
with a number. That counter is incre- 
mented every МІ cycle. The number 
is such that after 32 M1 cycles the A6 
line will go low. That line is connect- 
ed to the INT line and so causes an 
interrupt terminating the HALT. 

The interrupt subroutine produces 
the video line sync pulse and the 
character register counter is incre- 
mented ready to scan the line again. 
After 16 scans—two ТУ line scans are 
needed for each dot—the system 
loops to the next line to be displayed. 

The clock frequency for the ZX-81 
was chosen so that each line takes 
64ys to be scanned, the time required 
between line sync pulses in a TV. At 
the end of the display file a frame 
syne pulse is generated. 

After displaying a screenful of in- 
formation the monitor jumps to the 
keyboard scan routine. The Z-80 
instructions 

LD BC(FEFE) 

IN A(C) 
put the code 11111110 (B reg.) on to 
address lines A8 to А15. The fact that 
IN A(FE) causes АО to go low is used 
to latch the keyboard/cassette input 
port. The B register is shifted left and 
the routine repeated so that each ad- 
dress line goes low in turn. 

The resistors RP3 hold the lines 
KBDO-KBD4 high unless а key has 
been depressed, in which case the 
combination of the number loaded 
into the A register and the contents of 
the B register will form the code of 
the key depressed. 

Bit 7 of this port is used as the 
serial input from the cassette during a 
cassette load operation. 

Summarising the use of address 
lines in 1/О instructions: 

АО is used to enable the keyboard 
and cassette input latch using address 
(FE). 

Al is used to cause а ТУ display in 
SLOW mode using the NMI and 
hardware enabled by address (FD). 

А2 is used to enable the printer 
input/output latch at address (FB). 

A8 to А15 are used for keyboard 
‘output. 

It is not necessary to decode an 1/0 
port fully or even a section of mem- 














Table 1 
Decimal Нех Hex Decimal 
7984 1Ғ30 0001111 100110000-00000000 00 0 
7986 (ЕЗ1 100110001-00011100 1С 28 
7986 1Ғ32 upper7bits 100110010-00100010 22 34 
7987 100110011-00100010 22 34 

are IE hex 100110100-00111110 ЗЕ 62 

supplied 100110101-00100010 22 34 

byt 100110110-00100010 22 34 

register 100110111-00000000 00 0 
Figure 6 





Example of simple and inexpensive decoding scheme used by 2Х-80 and 2Х-81 
computers. 











Figure 4 











It is essential that inputs are tri-state. They must be іп an open circuit or high 
impedance state until they are enabled. 
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| Figure 7L ZX-81 input/output organisation 
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огу so long as there аге no clashes іп 
the system. Using one address line per 
port limits the use of only eight ports 
in a Z-80 system. All this input/ 
output control and decoding is per- 
formed by the logic within the SLC; 
therefore it is very difficult to modify 
the present 1/О decoding of a 2Х-81. 
Address lines A4, AS, A6 and A7 are 
available for further I/O decoding. 

Linked with the problem of where 
оп the memory map to place mem- 
огу-таррей input/output is the prob- 
lem of where to store the machine 
code programs and data which will be 
needed іп а data acquisition system, 

Апу ор-соде fetch with А15 high 
causes the system to execute a NOP 
instruction and output the code 
fetched to the screen. Therefore no 
machine code or Basic programs can 
be run above 32K (7FFF hex). 

А14 is the RAM/ROM select line; 
when А14 is high RAM is selected 
and when А14 is low ROM is select- 
ed 


Machine code programs stored be- 
tween 16K and 32K impose restric- 
tions on the way Basic is used. The 
space between 8K and 16K is not 
decoded and contains an echo of the 
ROM. One solution is to use А13 and 
some external hardware to decode the 
area between 8K and 16K for use as 
memory-mapped I/O and for extra 
RAM to store machine code pro- 
grams and data. 

A great advantage of storing ma- 
chine code programs between 8K and 
16K is that that section of memory is 
not cleared during a system re-set. 
Apart from a very limited software 
BREAK, the only re-set available for 
breaking-out of endless loops is a 
system re-set which clears all memory 
above 16K. A re-set key was added to 
assist with the debugging of machine 
code programs, 

Memory above 32K can be used by 
the Basic interpreter for the storage 
of variables or by machine code pro- 
grams for the storage of data. To 
ensure that there is no clash between 
data above 48K and the echo of the 
display file it is necessary to add the 
circuit shown in figure nine. Data will 
not be accessed during the fetch in- 
struction used by the display routine. 


data latched into character address register 
D bus low — CPU sees NOP instruction. 

refresh’ the character register forms address for the ROM on АО-АВ 
А9-А15 is supplied by the Т register, Тһе data addressed is latched into the shift 
register to be shifted and during next M1 cycle, 8 bits at 6.5 M bits/sec. 
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Circuit t0 disable ROM in space 8K-16K 
‘The circuits are usually incorporated into the appropriate add-on units, 
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INPUT-OUTPUT PORT: Output port — circuit diagram 
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INPUT-OUTPUT PORT: Output port — (ор ог PCB 
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The good author’s guide 
to explaining projects 


Sinclair Projects we would appre- 
te it if you adhere to the follow- 
ing rules. Although they are not 

clusive it would help us to evaluate 
if there is some element of 
compatibility between different pre- 
sentations. 


Ъ YOU WISH to submit articles to 








е All manuscripts should be typed 
with double-line spacing. 

ө Logic symbols should follow Brit- 
ish Standards. 

© Circuit symbols 
British Standards. 

ө Circuit diagrams should have the 
values of the components shown, 
пої а reference to a component 
table. 


should follow 


ө Parts of integrated circuits should 
be designated in this way — 

4, not 1С5а for example. 

should be designed for 
construction using standard Vero- 
board. Any printed circuit board 
designs are likely to be returned 
for conversion. Submission of a 
project based on a PCB will not 
exclude future publication. 

® Any constructional detail which is 
unusual ог slightly complicated 
should be illustrated with simple 
hand-drawn diagrams, showing 
how it can be implemented. 








For those who are unfamiliar with 
British Standards logic symbols, they 
are shown here. The reason for using 
BS symbols is simple, although con- 
І; they are used extensively in 
the British educational system and in 
British industry. As most of our read- 
ership is in those areas we use circuit 
symbols which are most familiar. 
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We’ve got big ideas about 
you and your 
Sinclair 


Because we know you're always looking for 

new ideas to make the most of your Sinclair 
computer, we’remaking sure younever runout 
of steam! 





































Just announced is our latest magazine for the real 

enthusiast - Sinclair Projects magazine, full of 
fascinating schemes to tax your skills and reveal the 
practical potential of your Sinclair in applications 
like controling lights, upgrading computer graphics, 
household security, and many more. 


Whether you're new to computing, or an old hand, you're 
certain to be an enthusiast. That's why we introduced 
Sinclair User magazine for the latest news, techniques 
andenhancements tomatch your enthusiasm (now withnew 
‘Spectrum User’ supplement!) Next, its companion magazine, 
Sinclair Programs, became an overnight success with 40 
NEW programs, ready for you to key, in every issue. Demand 
was so great that we are now publishing monthly. 


Now the exciting new Sinclair Projects completes your store of 
possibilities with ahuge increase in computing potential for you 
to explore. 


Sinclair Projects із published every other month, sowith these three 

magazines there's always something new to test your skill. But 
nere’s the best news: when you 
subscribe to all three Sinclair 
magazines, you get the first 
three issues of new Sin- 
clair Projects absolutely 
free! 


We know you've got bigideas about your Sinclair. Make иге you 
live up to them with threefold computing pleasure. Fill out the 
order form now and we'll send you the latest ideas-packed Sinclair 
Projects - hot off the press. 


Mail to: ECC Publications Limited; 30-31 Islington Green, 
London М1 8BJ 


Sinclair User / Spectrum User; Sinclair Programs; Sinclair Projects 
Yes - I'd like to subscribe to: 

Sinclair User{12 issues — price £11.00) 

Sinclair Programs (12 issues — price £13.20) 


Sinclair Projects (6 issues - price £6.60) Remember you get the first three issues FREE if subscribing to all 
three magazines! 














Тепсіоѕеасћедиеѓог& (deduct £3.30 from total cost if subscribing toall three 
publications) 
Please chargemy credit card Cardname Number 
Name 
Address 
Signature Date 





NB This offer applies to UK subscribers only. Overseas rates available on request. 
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It may repel 
extra-terrestrials, 
but can it 
Switch onthe light 


in the loo? 


If you're getting bored playing 
games and running simple programs 
Electronics and Computing Monthly 
can show you how to put a lot of fun 
back into your micro. With the addition 
of some easy-to-build electronic 
circuits, your computer could drive 
much more than a TV screen. 

Like your Scalextric or train set. It 
could control the lights in your house, 
the central heating system, talk to the 
budgie while youre out and water the 
houseplants while youre away. 

And you can build all these 
things yourself-the simple circuits for 
pennies rather than pounds. Each 
month Electronics and Computing 
magazine shows you how to 
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expand your micro апа gives you new 
ideas for computer fun. Project by 
project we add another dimension to 
your computer. 

In the latest issue we show you 
how to build an infra-red remote 
controller for your micro and what 
‘dialogue programming’ is all about. 

All you need is a hot soldering 
iron and a cool 75p. 

WHERE ELECTRONICS AND 


COMPUTING INTERFACE 








111 


IBM £2,400 





How does the world's biggest selling micro compare with the world's 
biggest computer company’s micro? The no-holds-barred test in this month's 
Which Micro & Software Review reveals some surprises. As a home 
computer the ZX81 is not only easier to use and program і actually rivals the 
IBM on operational speed for some applications. 

Which Micro & Software Reviews side-by-side tests reveal other 
surprises too. Would you have thought that the Cambridge Lynx would slay 
the Welsh Dragon 32? Better read the test. 

We also line up the ageing VIC 20 against the upstart Oric |. A real clash! 

Our software supplement reviews а stack of new programs-—games, 
educational and business. And our listings are designed to move you off the 
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FAIR 


COMPARISON? 


“6 ВВ», 








шэн 1Х81 249.95 


nursery slopes of programming and into areas with a touch of sophistication, 
using time-savers like letter variables and character 


statements. | Mme “Ма, 
If you want some quick fun, there are five new 2° 

5 programs оп а free disc with every copy of the April 49 2222 | 

issue. Theyd run оп ZX81, Spectrum, BBC, Мс 20 | Г панаң | 


` and PET. You really can't afford to miss April's 
Which Micro & Software Review 


WHEN WE TESTA MICRO 
IT STAYS TESTED. 
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5 2) 
The Complete 2x compar?” 


In the fast-moving world of Sinclair—a year is 
avery longtime .... 


The first of the best of the year! А complete 
the course of all the Sinclair developments in the last 12 
‘months—and you'll never believe how much has happened until 
yousee it! 


Since Sinclair User was launched in April, we've tried to keep 
you up-to-date, Now we've asked our top writers to take stock of 
the year's progress in the compendium you won't want to miss. 

We've also chosen the best articles and programs from previous 
issues—so the new Sinclair User Annual makes a great вій for а 
new enthusiast, а well as forming a vaiuable reference work for 


MAIL ORDER ADVERTISING 
British Code of Advertising Practice 


‘Advertisements in this publication are required to conform to 
the British Code of Advertising Practice. In respect ої mail order 
advertisements where money is paid in advance, the code 
requires advertisers to fulfil orders within 28 days, unless a 
longer delivery period is stated. Where goods are returned un- 
damaged within seven days, the purchaser's money must be 
refunded Please retain proof of postage/despatch, as this may 


Mail Order Protection Scheme 


If you order goods from Mail Order advertisements in this 
azine and pay by post in advance of delivery, Sinclair User 

will consider You for compensation if the Advertiser should 

become insolvent ог bankrupt, provided: 

(1) You have not received the goods or had your money 
returned: and 

(2) Youwrite to the Publisher of Sinclair User summarizing the 
situation not earlier than 28 days from the day you sent your 
order and not later than two months from that day. 


Please do not wait until the last moment to inform us. When you 
do write, we will tell you how to make your claim and what 
evidence of payment is required. 


We guarantee to meet claims from readers in accordance with 
the above procedure аз soon ав possible after the Advertiser has 
been declared bankrupt or insolvent (up to а limit of £4,250 per 
annum for any one Advertiser so affected and up to £10,000 per 
annum in respect of all insolvent Advertisers. Claims may be 
jid for higher amounts, or when the above procedure has not 
Boon complied with at the discretion of Sinclair User, but we do 
not guarantee to do во in view of the need to set some limit іо this 
‘commitment and to learn quickly of readers’ difficulties 
This guarantee covers only advance payment sent іп direct 
response to ап advertisement in this magazine (not, for example, 
payment made in response 10 catalogues etc, received as a result 
of слез] wuch advertisements). Classified advertisements 
are exclud 




















PLET 


DIFFICULT CALCULATIONS? wE 











ESTIMATING £2500 


зүв EDITION IEE REGS 
(made easy) £ 20:00, 


LIGHTING CALCULATIONS (15-00 

VOLT DROP £4.95 

TRUNKING SIZE CALCULATING 
сез 

LABOUR RATE CALCULATING 
сез 

STUDENT, VOLT DROP а LIGHTING 

CALCULATIONS £4-95 each 





2Х81 COMPUTER PROGRAMS FOR THE 
ELECTRICAL INDUSTRY 


ALSO AVAILABLE FOR - SPECTRUM -V IC 20-СОММАСОЯЕ PETS 
SHARP MZ 80A- APPLE TT- BBC MICRO: PRICES ON REQUEST 

















ZX81 Spectrum 
MANAGEMENT GAMES 
AIRLINE — £5 









Сап you compete with British Airways? You 
must decide on the numberof aircratt to operate, 
whether to buy ог charter, and the levels of 
anco. Problems encoun 

ud are tax demands, strikes, cancelled fight 





hijacks and aircraft crashes. 


AUTOCHEF — £5 


Аз MD of а Catering Company you must nego: 
tiate for leases в on menu prices, level ot 
wages, advertising and dividends. Each year you 
must predict the inflation rate. You will be made 
10 resign if you are not successful. There аге 3 
levels of difficulty. 


PRINT SHOP — £5 












You own а small printing company and are 
required to decide on (а) the number and type of 
staff you employ and when to increase or reduce 





Statt (b) the 


mount and type of paper you stock 
е week in which work is scheduled (0) the 
quotation for each. There are 3 scales of 01: 


DALLAS — £5 


А game of о! exploration and exploitation in Texas. 
Decisions are required on purchasing concessions 
‘the movernent and use of driling поз and the Бий 
ingot plattor пек Can you take-over 
Ewing Empire, or will ou be taken-Over 

ES for one, £8.50 tor any two, £12 for three or £16.60 for the four. 





















FLET-ELEC EASTLANDS pete 2 
ЭРАК Метан ALL PROGRAMS INCLUDE DETAILED INSTRUCTIONS AND NEED AT LEAST 
TEL, 0934 / 852576 LANGFORD PLEASESTATE COMPUTER TYPE AND SEND CHEQUE TO: 
BRISTOL 8518 78) DEPT SP 
АҒЫ 8 CASES COMPUTER SIMULATIONS 
14 Langton Way 

лелек i ondonSE37TL 
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If you want (о know 
about computing... 


THE FACTS 
DON’T HAVE 
BOOK FoR TOBE 

=" BORING! 


к 
Ап entertaining, but thorough reference source 
with the most readable, comprehensive glossary 
Тү you'll find anywhere. The Good Computing Book 
for Beginners is an essential A-Z of all the facts you 
need to know about computing — and none you 
don't! 


Whether you're brand new to computing, or an old 
hand keen to stay ahead, you'll score by keeping this 
classic, top-selling book within reach to use again and 
again. 

The author, Dennis Jarrett, is a successful journalist 
who was also founder editor of Which Computer? 
magazine — so his first edition quickly became a 
standard work. Now this new, substantially 

enlarged and revised edition covers the latest 

trends, terms and technology with the relevant facts 
— and ONLY the relevant facts — in plain English. 


Неге 5 another fact you'll find fascinating: it will 
only cost you £2.95! 


Use the coupon below to get your copy right away 
— or buy it soon from your bookshop. It’s the no- 
nonsense book you'll turn to again and again. 


I wish to order 





Quantity 


Post & Packing | 


Cheques/Postal orders should 
be made payable to 
Kempston (Micro) Electronics Total (VAT inclusive) L- 
Name 


Address 


Post to Kempston (Micro) Electronics, Dept 
180a Bedford Road, Kempston, Bedford MK42 8BL 


Outstanding Features 

% Super strong nylon and steel construction, 
built to last. 

* A total of В directions plus 2 large fire 
buttons. 

© Arcade proven moulded leaf switches ensure 
incredible reliability. 

© Complete with self contained boxed 
interface which simply plugs into the 
Spectrum expansion port (with or without 
printer) 

© Easily programmed іп BASIC or M/C 

These arcade games, designed exclusively for 

the Joystick by leading software houses, are 

now available for Spectrum: 

Time Game мс 480 695 

Meteroids МІС вк #495 

$рооку Мал МІС К #495 

Cosmos МІС вк 44% 

Watch this space for new software! 


KEMPTON 


180a Bedford Road, Kempston, Bedford MK42 8BL 





